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On Hicro-tremOTS. 

By 

F. Omori, 8e. 

Tdeanbet of the Iinpetial Xortfaquake IiiTettigttlUm Committee. 

With Pis. I-III. 



Jit<rotf«c#lofi. The non^seismic vibrations of the ground called 
**pu]aatoiy oscillations'* are small slow moyements mth periods 
generally of about 4 or about 8 see., possibly all over the wodd. 
These oscillations, which are most markedly shown at Tokyo, 

Osaka, and other places situated on an extensive plane of new 
formation, and also {)iol)al>ly at mid-oeoan islands'^', have some- 
times a double amplitude of 0.5 mm or moi-e. Wliat I pi opose 
here to term micrO'tremors are tliose insensible movementa of the 
ground, whose period is usually less than 1 see., and whose am- 
plitude is much smaller than that of the pulsatory oscillations. In 
short, the micro-tremors are, whatever their origin may be, ex- 
tremely minute vibrations of a nature similar to that of the 
movcnienta coraposinjj; tiie macro-seismic, or sensible, part of the 
earthquake motion proceeding from a near centre of disturbance. 

The diagrams furnished by Omori horizontal tremor recorders 
and tromometersl, of 00 to 300 times magnifications, set up in 



* Ar shon ii _by the Oraori Ilor. reiul. Tromotncter oliservntion nt the nwtWKllagi**! otXM^ 
Tatorjr cH Hacmojimn, im inktul belonging to tbe Fnji volmnic chain. 

X Hwim InMmineiita oia inipfoved fonnB of Uiwte (l^ichbecl in the PtMientiatiii, Na 18, and 
Uw BvMln, Vol. I, Kix 4. 
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Osaka and Tokyo indicate the micro-tremors often quite distinctly. 
For tiie sake of dearness, however, some photograpluc enlarge- 
ments of the original records are reproduced in Pis. I to III. I 
give next the results of some preliminary investigations on micro- 
tremors. 

Ohaervation at J/itotsHbashi (Tokyo), Tlic ohscrvatiou at 
Hitotsubasbi was made with a horizontal poinlulam tromometer 
of 100 times magnification. The maximum double amplitude in 
the EW component was about 0.0015 mm, the average periods* 
each deduced from 100 consecutive vibrations, being as follows : — 



DtttB (1907). 


Average Period (EW Compoaent). 


July 


5-6 


0.80 sec. ' 




•» 


»> 


0.91 




tt 


f» 


1.01 




Oofc. 


* 29-30 


0.84 




M 


30-31 


0.83 


) Mean^ 0.83 s^c. 


» 


M 


0.88 


Not. 


22-83 


0.77 




f> 


*» 


0.88 




n 


28-29 


0.60 




•t 




0.82 





The mean period of micro-tremors at Hitotsubashi is thus 
seen to be 0.8S see. To compare these tremors with the quick 
vibrations actually occurring in an earthquake, I give in PI. I a 
part of the tromometer record for July 5 and G, 1907, which was 
photographically enlarged 8 times and thus maj^ifi*>8 800 times 
the movements of the grouiiU, with a time scale of 1U7.4 mm for 
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On Uienhtxmian. 3 

1 minute. The soifimic disiarbance shown in the diagram consiste 
of the preh'minary tremor and the earlier part of tJie principal 
portion of the earthquake of July (i, l()(i7, which originated under 

the sea about UOO km tu the uf Tukyu and was felt strongly 
at the coast of Neinuro and Kushiro (Hokkaido). lu Tokyo, the 
shock was slight, and the total duratiou about 2 hours, the time 
of occurrence being Oh 48m 078 A.M. According to PI. I, the 
quick vibrations in tho prelinunary tremor, which lasted 90.0 sec. 
(the commencement is marked a), were as follows* : — 
Average 7'— 0.77 see., Max. 2a=0.07 1 mm. 

The active vibrations at the commencement (marked 6), of the 
principal portion was as follows : — 

Average 7'=0.88 sec., Max. 2a=0.36 mm. 

Thus the mean period of tho macro-seismic movements ^vas in 
tiiis case about 0.83 sec, which happens to be identictil with the 
average period of the micro>tremors (at Hitotsnbashi) as given 
in the foregoing table. Especially, tho larger and slower ones of 
these tremors, as those marked e and / (PL I), will be seen to 
be Bunilar in nature to the prominent vibrations occurring in the 
principal portion {b) of the earthquake. I'inally, for the sake of 
reference, I mny stati' that, according to the result of the macro- 
seismic measurement in TokyoJ, the average period at Hitotsu- 
bashi was found to be 0.77 sec., this characterising the ordinaiy 
earthquake vibrations. The period of strong shocks at tho same 
place is a little longer and equal to 0.0 to 1.0 sec. 

OhMTvaiU^n at Mtmpo iToUcy^, The micro-iromors at Kon- 
go are probably boniewhat smaller than those at Ilitotsubaslii, 

* T and 9a danpting an amal tlu oouiiilete period aaA tlia doidile amplitude. impwinAj. 
% Hm "PabSoatiooi^'* Md II, ]p.pi 51 and 68. 
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the max. 2a in the £W component being abont 0.0011 mm. PL II 
is a part of the diagram for Jan* 23, 1908, famiBhed by an EW 
component horizontal tremor^recorder with an origiiml pointer 
multiplication of 300 times, enlui'i^cd photogmphically 8 times, 
the resultant magnification being thus equal to 2,400, witli a time 
scale of 835 mm for one minute. The avei*agc periods of the 
mioro>tremorB each deduced from 200 consecutiTe vibrations, were 
as follows : — 



Cftte (1908). 


AyengiB Bniod (EW Compansot). 


Jan. 20-31 


0.28 aec. 


22-23 


0.28 


24-25 


0.28 


»» »» 


0.32 


Jfr/ni 


0.29 sflc. 



The mean value of the period of the micro-tremors was in 
these cases 0.29 sec., which is not much different from those of 
the quick vibrations and ripples occurring at Hongo in actual 
earthquakes. Thus, according to the macrO'Seismic measurement 
at Hongo'^\ we have the following results :— 

AveniigB period of mux. quick horizontal vibmtionH— 0.2(> soc. 
„ tmperposod horizontal ripples =0.20 „ 

„ max. quick vertical vil»atunis =0.25 „ 

ObaervatioH at Oaaka, The horusontal tremor'recorder with 

a multiplication of 90 times, at the Osaka Metwrological Ob- 
servatory (Director, Mr. N. Shimoiio,) indicates • micro-tremors 
much moi'e distinctly thau iu Tokyo, the max. 2a'8 in the £W 

• S«e the Fvmettthvf, Sa 11, p.^ S3-SB. 



Digitized by Google 



Ob llifflii^toBMMHii 



6 



and NS components being each about O.OOB mm. PI. in is a 
parfc of the leooid for Dec. 28, 1907, enlarged phofcographically 
7.8 times, so that tfie resultant maguificatiou is about 700 times. 
The average period of micro- tremors was as follows : — 



])»te (1907). 


Ayevage Period*. 


KW Compouent. 


NS Corapotieut. 


Nov. 18-19 


0.81 see. 


(lOOi 


0.90 sec. 


(100) 


»» It 


0.88 


(ion) 


o.<);5 


(100) 


» 31-32 


0.77 


(lUU) 


0.88 


(100) 




0.80 


(lOO) 


0.84 


(100) 


X)ec. 20-21 


0.74 


(200) 


0.87 


(200) 


21-22 


0.68 


(200) 


0.89 


(200) 


22-23 


0.74 


(200) 


0.84 


(200) 




are 




0.88 





The average p&Aod of the micro-tremors obtamed by taking 
the mean from the two horizontal components is 0.82 sec. In 

tliis comiectiou it is interesting to note that the ordinary seis- 
mograph oliservation at tlu- saiiu- ubscivatory of the vibrations 
causal by a powder explosion at a distance of 5 km in one of 
the suburbs of Osaka indicated also similar periods, as followsf ; — 

Vertioftl motioii....Aver. 2'=0.75 nee. (Uul 2aaa40xmii); 

EW t» — (X83 „ ( „ =0.48 „ ); 

NS „ =0.82 „ ( „ =0.24 „ ); 

the mean value of the period of the horizontal motion being thus 



* This uunibeni uf cuuhecutivu vibratiuiui, from wbicb tlie uvcntge pcriml wuu deduced is 
in eMh cma indiatod by the ligana 100 or flOU. cndowd -mttUu biadnta. 

t .\n m-connl of tlic \il)riiti'>nH «.-]itiM>i1 hy fhc ixiwdcr rxjil<iKTon nt Fnku-iuiua, near OboJui, 
iH giveu bj llic pri'^'Ut author io the Be^jorts (Juimdcm) ot tbo Im^. l^ntUM^uuke lav. Cuuuu., 
Na 57. 
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0.82 sec. In the cases of the strong Inland Sea earthquake of 
June 2, 1905, and two of its after-shocks, the period of the 
maximum horizontal motion at Osaka was about 1.0 sec. 

ConeiuM&n, The micro-tremors at Tokyo and Osaka soem 

to occur chiefly during tlie day time*, and nniy 1)<> due to traHic 
and otlier artificial causew, and airfo to the impact of winds a;:ainst 
the ^aound. At any mte, however, their periods 8eem to bo 
nearly identical with those ot the ordinary sensible, or macro- 
seismic, vibrations at the respective places of observation, just as 
the period of the pulsatory osdUations are found to be similar 
to some component movements occurring in actual earthquakes. 
It is needless to remark that both pulsatory oscillations and micro- 
tremors form interesting subjects of study, cspeciaUy in connection 
with local oarthquakcB. 

Tokyo. Jan., 1908. 
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Omori Tremor Recorder Diagram, show 

Magnificalion=2,400. (Original Multiplication=300). 1 




)wing Micro-Tremors. 

Pendulum Period =4.7 sec. 



PL. 

Hongo (Tokyo), Jan. 23, 1908. 
EW Component. 

Slower movomonbi nro pulsatory oscillations. 



i'ime mde. 



15 



90 



2S fleoond 



I 
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Omori Tremor Recorder Diagram, showing 



Magnificalion=700. (Original multiplication=90). Pendi 




ig Micro-Tremors. 

dulum Period = 4 sec. 



Osaka. Dec. 28, 1907. 
NS Component. 




r 



r 
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Note on the Tokyo iSarthquake of Nov. 22» 1907. 

By 

F. Omori, Se. D., 
Ifember of the Imperial Barthquafce lavestigatimi Committee. 



With Pis. IV-VI. 



The earthquake of Nov. 22, 1907, at 2h 17m A.M», was one 

of the strongest felt in Tokyo since the semi'destractive shock 
uf Juiu' 20, iH'jl. The disturbance, whieli caused no dama*^e, 
was a local one, and tho severity of motion in Tokyo was partly 
due to tlio proximity of the latter to the eartliquake origin. The 
tota^ duration of the records furnished by the teleseismogrephs 
in Tokyo iras onlj 24 min., while that in Kohe, where the shock 
was insensible, was 12 min. 

Area cf dtsturbanee. As shown in Pig. 1 (PI. IV), the 
earthquake was sensible within a land area about 75 km in 
lei.gth and 300 km in width. Tlie nrea of moderate motion was 
nearly circular, with a mean diameter of about 320 km. Again, 
the area of strong motion is a small ellipse in the NW-S£ 
direction, whose major and minor axes are respectively about 
130 and 85 km. in length. It may be remarked that the 
south-eastern lialf of this meisoseiamal ellipse coincides with the 
alluvial plain of Mnsashi, where the motion is much intensified 
owing to the softness of the ground ; the centre of the ellipse 
not necessarily corresponding to the real earthquake epicentre. 
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Tho position of the latter seems in fSact to be much eccentric and 
near tho north-western ond of the major axis, as considered in 
the next §. 

Xh§rat4mt of preHminary tremor and potrtfion of epi. 
centre. The dnTOtions of Utp proliminnn* tromor observcnl 
instrumentally at Tokyo and 7 other stations were as given in the 
following table. 



Niune ol Staiion. 



Latitode. 



Duration of tlw 
total prelimiimry 
tramor. 



CiiliMilatod 
cpioeutrAl 
diatanflft. 



(i) Tokyo. 

I 



Mito. 
Ttoknbx 
(ii ) Ifeem . . . 



86 23 
86 13 



139*46' E 

14038 
140 06 



f Mijaka 
I lahiiioiBald. 

(in) Mletm 



39 38 
38 26 



14159 
14119 



(ir) NagaacK | 36 40 

Kolv. 34 41 

Osika. 34 42 
( V ) Mean .... 



131810 

135 11 
135 31 



soc. 
7.5 

lao 

10.0 

lao 

60.0 
42.5 
46.3 

21.8 

48.G 
50.0 
49.3 



km. 



92 

110 
110 

uo 

400 
347 
874 

197 

391 

400 

396 



The duration of tlio preliminary tremor lias l)oen determined 
in the usnal way from the difi'crcTit soisnio^Tams, with tho exeop- 
tioii of those obtained in Tokyo. Tiie phase in (juestion for the 
latter place haa been taken in r^rd to the vibrations of macro- 
seismic natmre. 
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The figures in the last column of the above table have been 
calculated by the formula, a?km:=7.27 y sec. +38, in which afand 

y arc rospoctivoly tlio cpicenti-al distanco and tlio duration of the 
proliininan' tremor. Dniwiii^ on the map (Fi;^. 1) five circles 
with radii equal to the calculated distances of (i) to (v) about 
the tespective positions as centtes, we see that four of these meet 
near one another in the southern part of the province of Kotsuke. 
The probable position of the epicentre, indicated in the figure by 
a small cross (x), is situated in the northern pert of the province 
of Mu«rt.shi, namely, at ubout latitude 30' \ N, and lonLritude 139 
E, at n distanco of ahont 55 km to the north-wost of Tokyo. 

Ohsti'vation in Tokyo, Time of Occunence = 2h 17m 
35s A.M. 

Initial $hw di^acment. The seismograms furnished by the 
long-period horizontal pendulum instruments in Tokyo, three of 
which are reproduced in PI, VI, are interesting; in showing ap- 

parenUj* no }irelimiiiaiy li't^nior, but lK»g:inning at oneo with a 
large slow vibration of pi'riod of about 7.5 sec,, followed by a 
number of the proper ijendulnm oscillations. The initial displace- 
ments in the £W and NS directions, meaned from the difi'erent 
diagrams, are as follows : — 

Molfon fowaid Eost = 3.3 mm, 

„ North = 3.2 

Reswltjint displaoonient = i.G mm ; Diroction, N4(5*'E. 

Thus it will be observed that the direction of the initial (slow) 
motion was in this case approximately perpendicular to the line 
joining Tokyo with the earthquake origin, the vibration probably 
belonging to the category of the transverse wave*". A circumstance, 

* S(X> aim im lu-connt uf the cailhquiikc of Jan. 21, 1906. which origiQatcil off the luaUf 
eBitem owit of tlie Hnn Uud. Tbo AtTMin. Vol l> p. US. 
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which gives support to this latter supposition, is that the horizontal 
pendnlnm diagrams obtained at the other stations, vrhom epicentral 

distiiTicos were greater than tliat of Tokyo, showed no distinct 
Blow vibration at tlie conimencemcnt, the preliminaiy tidiior lu ing 
generally well marked, due possibly to the slower transit rate and 
the consequent retardation of the transverse wave. Tlio total 
duration of the earthquake motion in Tokyo was 24 min. 

The results of studies on the nature of the vibrations occurring 
at the commencement of an earthquake, observed near the origin 
of disturbance, will he published in the Bnthtin from time to 
time, a general tllscussion ou this subject being reserved for a 
future occasion. 

MacroaeAsmoffraph record obtained at Jlitotsubashi 
iTokyo}. Fig. 2 (PI. V) gives the preliminary tremor and the 
earlier and most active part of the principal portion of the earth- 
quake motion as recorded by an ordinary Oray-Ewing-Milne type 
seismograph* which magnifies the EW, NS, and vertical com- 
ponents 3, 4, and 2 times respectively. It will l>e observed that 
in tliis maero-seisTnogratn. wliicli does not show tlie slow vil>ra- 
tions existing in the earthquake mixtion, the preliminary tremor 
is well defined, the principal ix)rtion lieginning with conspicuous 
movements of large amplitude. In the foltowing description of the 
seismogram. the complete period and the range of motion (double 
amplitude) are denoted by the symbols T and 2a respectively. 

Horizontal Motion. 

The motion was sensible for about 2 min. 

Preliminanj tremor. Tlie movements were as follows : — 

(XS) T = 0.85 sec, Max. 2« = 1.00 mm. 
(EW) T=0.82 „ Max. 2a = 0.73 „ 
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Principal potiiwh Tho motion was about 3 timos greater in 
the NS than m tho £W componcfnt, this being contrary to what 
is usually the case with strong Tokyo earthquakes, in which the 
EW component givatly predominates. For tho first 2.3 sec., the 

vibrations wcru comi>ai'utiveiy small and princii>ally in tlio NS 
compoucut : — 

(NS) T ss 1.04 nu.. Max. 2a » 9.5 mm. 

(EW> T = 0.17 „ Max. 2a = 1.3 „ (ripples). 

Then the motion became nmcli linger, there being 4 displacements 
(marked, in Fig. 2, i-espcctivoly erf, de, ej\ and /y) comjwsing 2 
vibrations as follows : — 



Ist di»piiMseme&fe. 
Sod M • • • 
Sid (Max.) „ ... 



11.3 mm towaxd N, 4.5 mm toward W; 
Besnltant 8a := 12.3 mm, toward N2a^. 

h).'i iiiin toward S, 5.3 mm lowanl K; 
Itesuitaiit 2a ~ 170 mm, towiinl SlS^i:. 

22,0 mm towuid N, 7.7 mm towanl W ; 
Besnltant 2a ~ 23.^i mm, towaid NirW. 

9.3 mtD toward 7.3 mm towaid £; 
fiesuliaiit 9a = 11.8 mm, towaid HSSPK 



The above 4 disjilaeements, togcthtr lasting 2.0 sec, constitiittid 
the most aetivu put of tho earthquake ; the 2nd nid 3rd dis- 
placements forming the maximum vibmtion of 2a = 23*3 mm, and 
period = 0.96 sec., whose maximum acceleration was 510 mm per 
sec per sec. As the mean direction of motion was N24'W-^24'£, 
these movements took place approximately ]3iirallel to the line 
joining the earthquake origin witli the obsening place and aiu due 
probably to tlio longitudinal wave. The tjubaequent motion Avas 
smaller, but coutiuucd active lor about Im 12s, the period bcin^^ 
as follows:— 
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l\ Oaum : Tokyo Ji^iUi^oitke ot Nor. 22, ISM. 



average, 0<80 aec. 



(NS) 0.79 sec. 

(EW) 2'= u.bl „ 

Vertical Motion. 
I^eUminctry tremor. The motion ms voiy small 
Prtndpal portion. Tho motion which was small during the 

fust 3.5 sec, was active during the next 18 sec., and consisted 

of the following vibrations : T = 0.47 sec, Max. 2a =z 1.3 mm. 
ObservcUlOH at Jfoiigo iTokyo^. The maximum macro-seismic 

motion at Hongo was 2a = 10.4 mm, T = 0.7 Bee., nearly in the 

NS direction. 



Digitized by Google 



Fig. 1. Tokyo Earthquake of Nov. 22, 1907. 

I. II nd HI am napMliTalj bouHlniMl ct IIm 

Ant M red an drawn about the dffftratl plaou m ooiArvt taUk 
taiU eaktialed Jrom the duraHon cf fMvKimnary tnmor, 
(X) FtobAfafe Borftkm <d iha BitttluiiMkB Qfigm. 

It.-. ta€ l*f l«8* ia« lf-» Irl U?' 




ia»* ia»* 13*- laflT iW W 
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Diagrams 
V. 22, 1907. 




Ttme : 1 inlimls;! 



8. Hitotsubashi (Tokyo); 
EW Component. 

1 Ftaidnlam Modsae 
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Horieoutal Pendulum Record obtained 
at Mito during a Storm. 

Bjr 

F. Omori, Sc. V., 
Member of the Imperial Earthquake loTeetigatloii Committee. 

With Pla VII to IX. 



Instances of lemarkable inclination of the ground observed in 
Tokyo during a storm have been described in the PubUcalunSt 
No. 21, and the BuUethi, Vol I, No. 4. The present note gives 

an account ol a siiiiil-u- case of the tilting; re^'orcled on March 23, 
1907, at the ractoorological ubscrvaton' of Mitc> (f=3r>'23' X; 
140^^28' E), with the NS component Omori horizontal pendulum, 
whose recording cylinder made one revolution in 24 hours* and 
whose instrumental constants wore as foUows : — 

Peudiiluiu pcirioJ, wlrjii susjumleil vei tic!illy = 7', = 1.74 hoc. 
I'tniod ul iloii^iuiitaJ i'tjudulum uctuiilly Htit up=i=32 8ec. 
Miiltipliealiou ratio of the poiuter=«=2(K 

Displacemeut* of the writiug iudex comespuiidiug to the tiltiug of 1" 

T* 

=r=L X » X «» 1" X =24.57 mm. 

Fig. 1. (PL VII) gives the tiltometer record in question between 
10 a.m. and 5 p.mM on the 28rd. 

•i> * I Hniletiti." Nu. 4, r htmhy mistake been defined M tfaeoni^ of tittiug •qtambnt 

to I mm digplacement ot the wntiog indM. 
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Stonns on 22-24, March, WOT, From Fig. 2 (PI. VIU)*, 
which shows the condition of the weather at G a.m. on Maroh 
23rd. 1907, it will be observed that there existed simultaneously 
two cyclones, (1) and (II), whose tiacks were parallel to the 
general course of the Islands, and were over the Pacific Ocean 
and the Japan Sea respectively. The cyclone (l) apjjeared on the 
2 1st otV the soiith-oastcrn coast of Fomiosu, progressed toward 
north-east, and approached the south-eastern coast oi the Main 
Island about the noon of the 23rd, The other cyclone, (11). which 
originated on the 20th at the Yantasse Valley, China, passed 
through the Tsushima Strait and a^roaehed on the 34th the 
w^tom coast of Hokkaido. Both of these cyclones, which wore 
at first shallow, rapidly increased in intensity with thehr eastward 
movement, the storm ah'eady extending over the whole of the 
Main Island on the altniKHtn of tlic 22nd. When the eeiiti-e of 
the deprossiou (1) approached on .the 23rd ttic peninsula of Awa 
and Iviiziisa, the minimum barometric pressure of 744 mm was 
recoxded at Choshi =35 44' N, ^=140 55' £) at 1 p.m. The 
minimum pressure at Mito was 745.8 mm at 1 p.m. On the 
Japan Sea side, the minimum pressure, due to the cyolono (II), 
was 749.9 mm and was observed at Suttsu (province of Iburi, 
Hokkaido), at !) p.m., on the 2ord. 

TUtintf of the y round. A marked suuthward inclination 
began to set in about Oh 30ni p.m. ; the displacement of the re- 
cording index of the instrument in tliat direction being 92 mm on 
record, which corresponds to a level inclmation of 3.7". This 
tilting was accomplished in the time interval of about Ih 50m, 
the extreme southward mclination having Ijocn reached at 2h 20m 

* Tbo wenthcr nap ik rofcoilaMd fiom Ui« March [VXf!) uumbvr oC the " Kisho Yonui," 
imUliiibal by ttw Cenlml Uetaonlogiail Otaervulory. 
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p.m. Tliereaftcr the northward inclination bogan to set in. 

•Thus it will be observed that the commencement of the 
sodden sonthward tilting was at about 30 min. before the epoch 
of the roinimnm barometric pressure at Choshi and Mito ; tho 
passage of the centre of cyclone prodncinj;, as in the case of the 
storm on Oct. Iflth and lltli, li)01, not an elevation but tho 
depression of the ground. This is probably due to the fact that 
the deep barometric cyclone was accompanied, or rather followed, 
by an increase of the height of sea water, to an amount greater 
than the equivalent of tho barometric fall, as explained in 
tlie next §. 

Mareogram at Chonhi. Fig. 3 (IM. IX) u a reproduction 
of tho tide gauge ^liagrani ol)taine<l on March 22nd and 23rd, 
1907, at Choshi (provinro of Shimosa), which place is situated 
at the month of the River Tone, near Cape Inuboe, at a distance 
of about 80 km to the SES of Mito*. The disturbances of the 
water, consisting in the secondary undulations proper to the 
coast of observation began to become marked from about 4^ a.m. 
on the 23rd, continuing to increase till midnight of the same 
day. The level of the sea niso began to rise, the greatest limit 
being reached at about 2 p.m. to a few minutes after i i .m., 
when tho water thus abnormally accumulated was about 2^ 
»lia1t» (=75.8 cm) higher than the level according to the usual 
tide movement, and 1.12 sAaAru (=34.0 cm) than the highest 
water during the preceding <la\-. The time of the greatest water 
aecnmnlation at Oioshi thus nearly coincided with the moment 
of tlif tnaxitnum southward tilting at Mito. Tho diflerence of 
the highest mean level at about 3 p.m. (23rd) over that of the 

* For'Uie oopy «( Uw taimcsmm I vm imMitad to Frjf. Dr. T. Koo(1» of Um Int«iiar 
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mean low water oconrring about 3 honra earlier is some 1,45 
shaktt (=44 cm), which may be taken as the differential increase 
of the height of the sea level near the position of the cyclone 
over that in the neighbouring portions of the ocean. As the 
difibrence of the barometric pressnre at the minimum centre and 
the coast near it was probably aliout 10 niin, or about 14 cm of 
water column, we see tliat the resultant relative pressure at the 
ocean bottom immediately after the passage of the cyclone centre 
is increased by an aocumolation of water nearly 30 cm in height, 
extended over tilie sea sur&oe of no insignificant dimension. This 
probably accounts for the tilting of the ground toward the centre 
of barometric depression, when the path of the hitter is over 
the Paciftc. 
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Fig. 2. Weather Map. March 23, 1907 ; 6 A.M. 
The dotted Unee (I) end (U) give Che paUui of tlie 
iin» cjokme oentne* wboee ponlioiie at 6 AM, ol tiie 
enooenive dajs we eeoh indloatod V * ( ^ )■ 
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Note on, the Annual Variation of Seismic 

By 

i r F. Omori, 8c. h» 

' ' lieinW of tbe Lapeiml EkrIIiqiMJce IiiTMtig«tioii Connfttee. 

* " With PI, X. 



Jntroducforf/. Ah pointecl out in a discussion oi" the 
^sibic activity for Japan, taken as a whole, the variation of the 
frequeiu^ of the ordinary 'small sbookB, whose number is minimum 
in the months of Jude^ July, Angnst and Septemb^, is jnst the 
reverse of that of the destructiire dlstnrbances, whose nnmher 
is niaximam in Jnly and Angnst*. Again, with respect to 
the recent Japan ( uri hquakes of suluiuirine orij^in, the annual 
variation of the suiall shocks is found to im approximately 
opposite to that of tlic stronger or larger ones;t^. lielations like 
these between small and large seismic disturbances arc what is 
to be expected from the nature of an earthquake, which is 
virtually equivalent to tlie removal of a weak point in the earth^s 
crust; the more frequent occuir^co of small shocks tending to 
pre>-cnt any abnormal uecumulutlou of ihv imder^round stress. 
Tlie non-ocenrronr?» of ihe*ni distiubiiiiccs, or, an unusually low 
seismic frequency may, on the other hand, facilitate tho occurrence 

• p. Onari: ••Note on tho Barihumtw Investigptian CaauBittae CktalogiM oC imsuamt 

Enrthqaake*." Joar. Sc-. CuIU Imp. Tdkjo Vaif^ Vol. SI, UM. 
X This nnmbei, PL XIX. 
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of great or destnictive seismic disturbances. The loverHal of tlio 
masimiim and inininitim epochs in the annual variatioii of large 
and small seismic shocks is also strikingly shown in the cases 
of the earthquakes recorded in Tokyo and Kyoto. 

SeagontU variaHan of aeismie frequency in Tokff0» The 
number of destructive and seiiii-<l<'structive curtlHiuakos, whieli 
shook Tokyo (Yedo) since the foundation of tlie city in 1590 
by Tokugawa lyeyasu, was 18, the lirst and last of which took 
place in 1615 and 1894 respectively. Of these, the maximnm 
seasonal number of 7 oocmred in Summer, while the minimum 
number of 3 occurred in Winter and Spring. On the contrary, 
the mean seasonal number of ordinary small earthquakes, oboerved 
instrumcnhilly in Tokyo between 1870 and 1890, was mininuun 
(=11>.1 and 18.3) in SuninuT aud Autumn, anil maximum (=25.5) 
in Spring^, as shown in the following table. 



{Seasonal iSoismic Froquimcy iu Tokyo. 



SoMnn. 


M'uiu n«iin<iiifil iiiimbcr 
oniiuary iK|kcM. 
(1876-18!W). 


NiKu^'iT i.if il.-^'', motive 


Spriug (March, April, May). 


25.5 


a 


Summer (June, Jul}', Angwst). 


19.1 


7 


Autumn (Sept., Oct., Nov.) 


18.3 


6 


Winter (Dec, Jan., Feb.) 


33.9 


3 



As is graplucally shown in Figs. 1 and 3 (PI. X), the animal 
variation of the small earthquakes is almost symmetricaUy opposite 
to that of the destructive and semi-destructive shocks. 



Anmtal variaHon 0f aetmnUi frequency in Kyoto. Of 
the seismic disturbances recorded in Kyoto between 797, the year 

• See Uw PitMioaticM, No. & 
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of its foundation, and 1807, wJicn it cwiscd to be tlio Impeiial 
capital, 1088 earthqnakos wore small shocks, and 32 were destruc- 
tive or somi'destractiYe in or about the city*. The distribution 
in the 12 months of the year of those two classes of Eyotd 
earthquakes are as follows. 

Monthly Seismic Ftoquency in Kyuto. (7U7-18ti7). 



Month. 


1 ■ 

(1068 fthoska.) 


DestrucUve and setui* 
«1estniotiTe eqkeft. 
(33 Bhoeks.) 


Jamiarj. 


79 


:) 


February. 


S-2 


0 




110 


0 


April 


lost 


0 


May. 


95 


n 


Jnne. 


91 


4 


July. 


87 


5 




95 


7 


Septembw. 


74 


•» 

.> 


October. 


87 


•i 


November. 


95 


1 


Beoemljer. 


91 


4 



Thus the small earthquakes indicate the maaumum monthly number 
of 110 itt'Mkrch, and the minimum of 74 in September; while 

the larger ones show the niininnnn nninber of zero in Felnuary 
to April, and the maximum number ul! 7 in August. As will 
also be seen Lvm the graphical ilinstratious in Figs. 3 and 4 (PL X), 

* Tbc8e numberH art- n viwd Tenidila mid dUbr td^ly fioai tbanegiren in Junr. 80. OA, 
Imp. Tokyo Univ, VoL XL 
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the imiMial vaiiiitioiis df tlio t\YO 8et« of cartiiquakcs arc nearly 
opposite to Olio anotlicr. 

Concluding remark. Fix>m tUe fore;going §§, it is evident 
tbat w'Q must ti'cat small and large eai-thqnakes separately, in 
the discussion of seismic frequency xrith respect to the atmos- 
pheric pressure, the position of the moon, etc. 
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Annual Variation of Tokyo Eqke Frequency. 




Tt^ 1. 
Small Eqktts. 




Annual Variation of Kyoto Eqke Frequency. 
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Xiist of Heceut Volcanic Eruptions in Japan^ 

By 

F. Omori, 8c. D., 

Member of tlio Iiiipeml Eorlbquakc XavcsUjjatiou Cojuuiittee. 

With Pis. XI-XIII. 



lAnrger voieauiis outbursts in reeetU years. Among the 

icct nt volcauic explosions in Ji»|>iiii, the most notable were the 
following live : — 

(i) Expknian of Baiuki'snn. Jnly 16, 1888; 71i 46m a.iii. 

(ii) „ Asnma-san (Ifnaikjo-saii>. Maj 19, 1898; llh 

30m a.ui. 

(Ui) » A(1atani-«aii (Nnnuuibiii^jiuiiA). July 17, 1900; 

^ ' Oh 30m |».m. 

(it) „ Toii-shtttta. Angtist, probaUy betireeu tlie uighi 

of 7tli mul thai c£ 9tli. 1903. 
(v) Submarine eraptum near the Misami Iwo-jima (Soutli Sttlpihnr 
Island). Afacmb the Slili of December, 1904 

Of these, the first four oonsisied each of a sudden steam explosion, 
WiB most violent being that of the Bandai-san, one of whose 
peaks "was entirely destroyed. The three explosions of the Asnina' 
san, Adatara'San, and Tori>shima were much smaller* that of the 
first named mountain being probably the least. A rori;^li i<lea 
the comparative strengths of the exx^iosions may be obtiiiueil from 

^ TninMiitioit. with ruMiti m^. <>f tlb- jin -tiMit rvnthor'B piper in tlw Kaports (JAIMMfle) oC 
tbe I'jirthqivike Inv. Coinni., Xo. I'J. HK)1. 
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the masses blown of\' on the diflci'cnt occasions'-', wliicii were ap« 
proximately in the ratios of 3400 : 1 : 7 : 56. as follows : — 

(volune of nevly 

formwl rmft-r.) 

Bandfti-san l,7(K),(Ki(i,ri (» cubic metres. 

Aziima<8aii '>in),OiM „ 

Adntam-aon k),00() „ 

Tori-«hiiiw 28,000,000 

Each of these four volcanic explosions caused a considerable 
damage, attended hy loss of human lives, which -was 8i)cciaily 
sti'ikin<? m tlio case of tin- Toii-sliitna. flu- total ivipiilation of 
the island, abant 125 in ininibcr, having been entirely wiped away 
withnnt leaving even a trace. 

Tlie explosion of the Adatai-a-san was central, that is to say, 
took place from the filled up crater of the original volcano, while 
those of the Bandai^san, Asniufia-san, and Tori^shima, were each 
an eccentric ontbnrat, having occuired not in the original centoil 
crater. 

Th<' submarine volennic outbur.st, (v), which took place near 
the 2^Iinanii Iwo*jima, was very remarkable and consisted in the 
oraption of molten lava, rosnlting in the formation of a new island, 
about 145 metres in height and nearly 5 km in circnmferenoe. 
This island, made up of the loose material, again entirely disap* 
jxmred about I year later. 

Of the 5 cases of laiger volcanic outlMnsts niontionc<l above, 
the first three uctiirrcHl in tlio province of Iwashiix), in the noi'theru 
part of the Main Island, while the two last occurred in the 
Pacific anil belonged to the Fuji volcanic chain. 

* The csUnutHmi of tiie niimiw «f newly oponed cxater of tbe Bnodu^iin was mda by 

the I'ltr i>Tr>fes'»>Ts s. s>kiyn utkI y. Kikiuiii. 'iiuwe Kfating to tbe tbiM otbcr voiaaioei an 

l<asecl on the f)lit*ervntMinJ» of the i>riwt>ut nntlior. 
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X<«t o/ volcanic out hursts, 1893'1907. Dui'ing ike 14 
years between 1S93 aod 1907, there were in Japan (Kunles, 
lijVL'KjUt and Formoaa exeepted) over 70 cases of volcanic out- 
barats, which oonaiBted mostly in tlie explosions of steam; tho 
mountains most active darin<^ this period bdng the following 
four :— 

Awimn-vaiim (province of Sliiiuinuj about iJl time8 

KiriHliiiua-yiiiim ( proviuco of Hyuga) .... „ 19 „ 

Aso-saii (proviuce of Higo) , C 

Shiraue-Huu (pruviuce of Kotsiiko) , 5 „ 

Besides tlicse, Azuma-suii (liisiiikyo-san), Adntara-san (Numa- 
shiri-jrama), Tammac-san (in Hokkaido), Komaga-take (DOr), 
Katta-dake (pxnrince of Bikuzen), and others were also mcnre or 
leas active ; there being also two cases of sabmaiine eniptiona off 
tlie Pacific coast The approximate positions of these volcanoes, 
14 in number, are as follows. 



Volciuia 


Lfttitiida (N) 


LoDgitiide CB) 


Komagft-take. 


4V 


04' 


1400 


41' 


Tamnuie-iiiii. 


43 


42 


141 


S3 


Eatto-dslce. 


38 


06 


140 


27 




37 


44 


140 


U 




37 


88 


140 


18 


Btodai-sau. 


37 


37 


140 


04 


Slurane-saii. 


3G 


38 


138 


33 


AKJiina-Jftiaa. 




25 


138 


30 


Iwo-dnke. 




15 


137 


30 


Aso-s:in. 




54 


131 


05 


Kirialii tim- jamn . 


:{i 


5(J 


130 


52 
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lifttitittle (N) 


Jiuugitude (K) 


t 

• 4 • 

Near Bayonniae liock. 


31° 55' 


IIW 51' , 
140 07 


Tori-aUima. 


BO 37 


' ' Eruption uear Minami- ) 


24 13 


141 29 

* 



As a str6ng volcanic eruption has usually a number of 
smaller followers, it is often difficult to count the eicact number of 
the outbarsta. These small secondary ones have, in so far as 
tbey can be identified as sucb, been excloded from the foIlomQg 
liAt 'of the volcanic disturbances. 



•! J • 





is'' of A'mIo;! 










VtilaxQU. 


DHte. 


OaflmiBt. 


Ubmajuw. 

• I'l 


> 




1894 










Kiriiiliinuwyiiina. 


Feb. 


25 


W' 


iK)"" A.M. 


Detonatiuns. vVkLch Uuown out. 






I* 


28 


8 


20 ., 


LdimI (letonntitms. 






Mnrch 


7 


5 




Di'triTmfk>n«!. AmIics thrown out. 






JEtambliog mx 
mad MM A.) 


luub aim baud «t 7.13 ; 8.1G ; ; 9.23 ; ».40 ; 10.02 
H. «£ tha anan dajr, tlie krt Mug the' atioagoBt. 


i» 


*l 


13 


10 


40 A.M. 


DotoOAtious tmd exptoBion. 




(iMhifeaKMMk). 


IP 


16 






DetematkMui. Aabe* Ourown out. 




•» 


Apnl 


4 






>il*ii. 

T» t* 






H 


0 


1 


~ A-M. 






« 


M 


11 


9 


— r.M. 


Lotkl (UtonniiwM. Aabet Ummn 


out. 




n 


la 


10 


— A,M. 


AabM tlmnra out. 






n 


17 


8 


— A.1I. 


DetcHMtioiM. AmImb timnm out 




tfl 


w 


S8 


C 


20 P.M. 


OntlraiNt* 




w 


»• 


80 


0 


^ JL3i. 


Loud Detonatioiu, Akhes thrown 


oat 
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Voknuu. 


Dote. 


Tine 
Outbont. 






Mny 




llidiiight. 


Dctimntiorm. Aiiheii ttuovn onL 


AriMnM-ynBlu. 


Joue 


11 




30^ A.M. 


LuQcl detunutkiiiit. Ashw thrown out 
in haffi i|iMattty. 




It ' 
Aug. 


Si 
J7 


a 

6 


— P.1L 
^ P.M. 


Looil itotoiMtiaoB. ArIim tbiowii oat. 
flnoln amilt»L 




It 


ao 


« 


— A,M. 


DctooBtimii. 


MttaFoake. 


1896 

Kb. 


» 


9 


- A.M. 


nmakB enilttM. 






19 


g 


30 AJf. 




Azitmn-tukU 
(IflMiikyoiMui}. 

•• 




8 


7 

u 


83 JLM. 

4U P.M. 


Petunatioofl Mkl enunioa of mbkB. 




.Iwly 


IG 


0 


:«) P.M. 


«* w 




Sept. 


S7 


IV 

V 


XM. 


» M 




Oct 


10 


A 

V 


an PM 


M « 




DecL 


18 


3 


49 PJf . 


Lmd^^tinAUoDB nd i iiilwiiiii of 




1896 










March 


15 


H 


2G A.M. 


Expkxiioii, aocuiu^MQictl by emisraoa 
«f smote nod fnlliiig «C m1i«b. 


n 


Juno 


96 


1 


^ \M. 


iMoiuttions iinil omisrian tiatikiB. 

AshcH thruwo owt. 


•* 


Vw. 


21 


1 


lo I'Jl. 


KxpIuKiuii. ,l>4ieM tlir>\vu imt. 




1897 










Jun. 


14 


U 


30 AM. 


DetwiuittunK. iteoke vmittcML 




rSnd of Vtib. to 
Itfaift bemnoing 
lot UiaSL 






IVtuiuitiuuM cuutiuni'«1 fur !««vt;ml 
dm^B, Mug Bhougwl on Much 3. 




Mj 


31 


& 


— JulL 


IMomtioiH And emMon of amdke. 


yhiiJiiina-jiHim 


BepL 


4 


8 


— AJI. 
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Vdkatto. 


Dute. 

1 


Time of 


j 




JMk 


t 

8 


lb — J»A.1L 


IMiDiMliiiiui and enliiiaii of ■ nulte. 






U 


T — P-M- 


IkNd tWtrtiiiilkiiiii (tod expIodkHU 




Dec. 


80 


11 — FJC. 






1899 








March 


10 


1 — r.M. 


DetonntioDfl and mnloHiaci. 


«■ 


July 


10 






•» 




15 


11 — A.U. . 


IiiMfl delMMtkiiiB mid cxpluuon. 


Kitudiiina-yuiiiii. 


■ « 


28 


1 90 AJI. 


ft m 


Afman-j'iiiiin. 


Aug. 


7 


7 — P.1I. 


AAmk fan te w?«nt 




m 




11 ao pjf. 


Exploaian. 


KiriiiAiidii*7MBBfi. 


SepL 


la 




DctonntioiiB and txpkaitao. 


M 


0«t 


IS 


3 05 AM. 






Mor. 


7 


Itoiiing 


«• w 






IS 




TiKlilifftftll 1 




1900 






AiliitAfti-lisnTi 


Jan. 


22 


7 — A.M. 


l^tuDAtioDS uEul cx^>lo8iun. 




Ftsb, 


7 


6 _ PM. 




K iriMlxiiiu i-yuma* 


» 


16 


9 — A.M. 






M 


19 


5 — 


LiOllll <l*a^iw*ifc^it*tiit nQil filttllfMiafl 


Rl 


Uarah 


1 


/Fkam xnonung 

lw> DOOB. 


1* n «i 


■• 




« 




PetOMKn— . iidkrwed by ssT«nil 

others. 


•1 




31 


3 10 P.M. 


I/inul (letonatioiui un<l tfxi>k»iun. 


AdntaRMHU. 


July 


17 


0 30 P.M. 


Gicnt expiation, {See ths 1st ^) 


AMinut-yaniA. 




■21 




Expkmiun. 




o-t. 


1 


;i — A.M. 


Feable detonodoiiB and explonoo. 




Kfnr. 


10 


4 90 PJC. 


£xpk«ion. 



« 
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SKte. 


Time of 






Dee. 14 
1901 


4* -WAJr. 


Feable dmUng asd exploakni. 




Apdl -JO 


it 25-5 iM P.M. 


Kxplofiiun ' 


w 


21 


10 30 A.M. 


Emiarion of aiiKike. 


w 




111 9U A. 31. 


» •* 


■f 


2i'> 


2 OO VM. 






July 21 


ETening 


ExploBiaDa cQDtintied for aeveml (Ujb. 


•4 


1902 




(AdMM CbD Rho CD Htb ana 10th.) 


Asftirm-ynTOit. 


An;;. 5 


1 — P.M. 


DetomtionH. Adua throvn ont. 


Turi-slumtu 


( (jiroloibly 
Aug. liog u£ 7 


between oven- 
th and tJuvt of 


Oicat c'spioBioQ. i8ee the l>t 


Shiznoo-wm. 


8e]4. 5 EvMiiDg 

1 


flmaH eipkaiOD. 


« 


n 


1 - 


•I 


KiriabunA-ynom. 


1908 

Anft » 


i 30 P.M. 


Datonationi and expJotfam. 




Not. as 

1904 


9 AM. 


Onnt detoniitiiNM and aiplaaian. . 




Anft 4 


Koon 


SoMko cmittail. and aalwa thmwta omt. 


Sear the Uinami 


(AbamNoT.aS) 

1905 




A grant mibmaiiaa araption, iMwiHtnir 
ia tha faimntioii «r a naw UbaniL 


Kumnga-take. 




11. — P.M. 


KxpIoHiion. Adifis oooCinnail to be 
Owown oat tin the aod oC flie jaar. 




Oct. 

1906 




Smidfee elnitteilf nntl nidioa fbtoirn ont. 


AMttl»]rMIM. 


April n 


Bkriy morning 


Smoka anittacl. 


In the Ticinity of 
BMpoMiftiM Bodk; to 
fbe SBfiC Ao^nbl- 

mn. 


April (ptoliably i 
bBtwwa 7 nndf 
13) ' 




A Ktilnniiriiu! ('ni|itiuii, which oon- 
tinneil ptoUiMy for ntiont O0» tredl. 
A grcnt quantity of pnoiioe was 

fuUDtl fltmtiiig on the xcn snrfnee. 
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N'oliiiiio. 


Duto. 


Tims oC 
Oattmirtt 


Rkmabkb. 




Jnno S 

1907 


5** — P.M. 

jContinnw! fwm 
J the eveniiiK "f 
JlWhtoth. Ill- rii 
Ung o€ linh 


IMoniitiaMit Ibllovecl by an f xpladun. 
A new ontar, Aboot 50 ft in lorngth 
AOiA 24 ft in iiidlh ma flDnn«a. 


AMunn-yHjaA. 


Juo. 18 




« 




6 — A.M. 






At«. '21 






Iwu-tliike. 
tin Sfainoiio) 


Dec 11 




ExpliMuii. Aflbm were tbiovrn «Mt. 



AwmuU variation of the frequeney of the voleanie out- 
bwrtis. The distribution in the IS months of the year of the 80 
cases of volcanic rlistarbances contained in the list given in the 
preceding § is shown in the 2nd column of the foUowing table ; 

thti ligiiios ill the tin\ colunui. lakeu from the Jato Mr. Ogashima's 
work, ** XipjH)ii Saiishi, " (.4. compendium of unustial erenti^ in 
Japan), being the annual distribution of the 113 volcanic out- 
bursts, which liappcned in Japan since the earliest historical times 
down to 1885« 



Table II. Volcanic Einptions in Japan. 



MontL 


80 Vol. Oathmsts 

in recent years. 
1893-1907 


113 Vol. OtttbuntB 

reoonlod in history. 
685-1886 


Sum. 
(193 Ontbmtits). 


I 


3 




9 


IT 


9 


•20 


89 


m • 


12 


13 


85 



* Fur AocoootH of Iu;<turicnl Yolmnic uatbatKU in Jafiiii, tlie mulct la iUmo rcftin«d ta 
Plof, Juhn Uflne'H ^mjMr. " the Tokanoea of Japan." in tlM Tama. Seism. See. Juxxin, Vul. IX. 
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Moittli. 

- 


80VdL Ontbnxsts 
- in Bscent jaais. 

lJBV9~lWf 


113 TdL OatbnratB 
veooided io biatoix. 


(Slow. 

Outbarebi). 


IV 


11 


A* 


Oft 


Y 


q 
o 


o 

o 






4 


4 


8 


vn 


6 


7 


15 


vm 


U 


14 


36 


IX 


6 


9 


14 


X 


4 


3 


7 


XI 


6 


9 


14 


xn 


5 


C 


11 



Tlic auiiuul vaiiatioiis of tho rccrut volcanic outbursts and 
of those wliicli occurred iu the liiHtorical times are, as iliustmted 
in Figs. 1 and 2 (PI. XI), mutually alike, eafl! showing two 
distinct maxima of tho frequency. Tho montiily distribution of 
the two sets of eruptions taken together is given in tho last 
column of the above table and illustrated in Fig. B. From the 
latter it will bo seen that the absolutelr greatest frequency (29) 
of emptions occnnod iu I-Vhiucuy ; Ihc three months of February, 
Mai-ch, and April ((»u:ethoT forming the Ist, or principal epoch of 
volcanic activity, followed by the principal minimum in Jimc. 
The 2ndt or smaller, maximum frequency (25) occoried in August. 

CompartBon with the annueA variaiioM of Beiemie fire^ 
queney. To compare the annual variation of the frequency of 
the volcanic eruptions with that of the seismic fk«quency, I give, 
in Table III, the mean monthly percentage luimbers of earthquakes 
ol»s^iveil instrumeutally at tho meteorological obsenatories o£ 
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Nagoya, (lifu, and Kuuiamoto, which places are shakon mostly 
by seismio disturbances of inland origin ; the figures hamg been 
deduced from the data given in the *' Pablications of the Imp. 
Earthqaake Inv. Comm.", No. 8. 



Table IIL Moan Monthly. Percentage Numbers of Earthquakes 
at Nagoya, Gifu, and Kumamoto. 



Mouth. 


Nagojn. 


Chin. 


KQtnAtnoio. 


Average, 


I 


13.3 


10.7 


10.9 


11.6 


n 


...> 


8.'2 


9.3 


as 


III 


lao 


9.9 


9.9 


10.9 


IV 


9.0 


1:J.9 


9.5 


11.0 


V 


9.0 


0.2 


10.5 


9.6 


VI 


G.3 


G.9 


9.C 


7.6 


vn 


&0 


CC 


4.9 


M 


vm 


' 11.2 


5.5 


7.5 


ai 


IX 


G.6 


6.6 


7.5 


6.9 


X 


6.9 


8.2 


8.8 


8.0 


XT 


4.8 


S.fi 


<J.l 


6.5 


xn 


5.8 


«.5 


5.5 


5.9 



Accoitliug to the averages values of the inontlily seismic 
frc(iuency, which nrc givon in the last column of Table III, and 
which are graphically iUustrated in Fig. 4, the mmual variation 
of the frequency of the earthquakes of inland origin shows the 
epoch of the principal maximum (=11) in March and April, 
Avith the principal minimum (=5.6) in Jnly ; there being an 
epoch of a secujulur\ ma.ximuiu ( .^H) in (he iiiontlis of August 
to OctobcT, The viiriatiou in questiou may thus be i-egardcd as 
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being on the whole approximately similar to tiiat of the fireqaency 
of the volcamc emptions. 

With respect to the cause of the frequency variations of 

those two phenomena, it is to be remarked that the earthquakes 
of inliiiul origin aic mueh affected by tlie atmospherio pressui*o, 
as discussed iu tlie Fublicationsr Xo. 8 ; the 1st, or principjil, 
seismic maximum above mentioned being ,dae probably to the 
barometric maximum in the annual variation. The 2nd, or 
smallei*, seismic mayimum may possibly be due to the more ex* 
tensive or stronger among the earthquakes of inland origin taken 
into consideration ; the annnal variation of large and small shocks 
being in general opposite to one another. The cause for the 
two maxima in tlie lVe<piency variation of the volcanie emptions 
is probably the sannj as in the case of those of the earthquakes. 
It is neediess to add that fiirther and more strict investigations 
in these connections aro necessary, especially for the explanation 
of "the secondary maximum in the frequency of volcanic cihip- 
tions*. * 

Seasonal numbers of volcanic eruptiona. The following 
table gives the ilistrilnition in the four seasons of tiie year of 
the 193 voicaiu(r eruptions (Table 11) nnd of the percentage 
numbers of the earthquakes observed at Nagoya, Gifu, and Kuma- 
moto based on the data given in Table IU. 



• In the R4'pot<« (Tftpitnr^') of \hf* Tmp. Eftrthqimkc Inv. (.'umni., Xo. 56, I hftTe stAted the 
view that Uie seouDtliury muximum iu the freiiOeDcy uC tlui vUcutuc uruptioBS may be doe t<> 
Uw pnanie ot tlw m* water at Uu lioltoen. tHw mippadtkin BtHlied in Um pnaont pmBmiili 
MSBM lo be Um OKire liMy one. 
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Table TV, Seasonal Distribution of the Volcanic Eruptions 
and the Forcentage Nambers of the Egrthqmtkeg* 





Volcanic 




Seismic Fteqneocy. 




Season. 


Eruptions. 
(193) 


Nagoya. 




Knmamota 


Mean. 


spring 
(3blnrcli. April, Mh;.) 


61 


dl/i 


33.0 


30.3 


3LG 


Summer 
(Jane, Jnly. Angiurt.) 


48 


28.5 


18.4 


2SL3 


21.4 . 


Auhimik 
(Sept.. Oet., X«nr.) 


BB 


1&4 


23.2 


22.7 


2L4 


Wintir 
(Deo.. Jan., Feb.) 


49 


20.5 

• 


26.4 


24.7 


26.5 

4 



Thus, for the volcanic oriiptio!i>', tlio «;i'eateat seasonal iiuinl»t?r of 
01 occurred in Spring, being 1.7 tiuies greater thjui the leae\t, 
number, which occnn'ed in Autumn. For the mean frequency 
of the earthquakes, the greatest perpentage number of 31. (> occur- 
red also in Spi-iii<i;, Imug about 1.5 times greater than the least 
iiumlHT of 21.4, whicli occurred in Summei' aiul Autninn. The 
curves ^qai)liic;illy i'Oj>resentin«; the variations of the scjitional 
froqiiuncies of the eruptiou^i and tli(^ earthquakes, f^iven in l^'igs. *> 
and 6, (PI. XII), will bo seen to bo on the whole similar to one 
another. 

J^m&ers of voieanie eruptions in the eueeeesive yeav^. 
Table Y gives the number of the yoleanic eruptions for each 
of the years 1894 to 1007, and for the sake of cibmparison, the 

total numbers of eaiilujuakes (exclusive of telcseismi(' disturbances) 
obsenod in Japan during the successive years. 
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Tilble V. Yearly Numbers of Volcanic Eruptions and 
Earthtxuakes in Japan. 1804-1007. 





Nnmlwr of 
YoIiOBiiio Emptioiis. 


Number of 
EaartliqiiakM*. 


1894 


17 


2,729 


1895 


8 


1,417 


1890 


3 


1,906 


1897 


4 


1,727 


1898 


3 


1.501 


1899 


10 


1,682 


1900 


12 


1,831 


1901 


6 


1,615 


1902 


4 


1,401 


1903 

k 


2 


1.242 


1904 


2 


1.142 


1905 


2 


1.901 


1906 


3 


1.651 


1907 


4 


1.642 



(* Faaaaam exoltukd) 



From Pigs. 7 and 8 (PI. XIII), which graphically illustrate 
the icriultii contained in Tal»lc V, it will be seen that the relations 
to time of the luiinlit'i-s of (ho eniiitions and the cartliquukos are 
rather alike to ouch other ; in each case the absolutely greatest 
number occurring in 1894, and a maidmum in 1900. 

From what has been said in the foregoing §§, the volcanic 
activity in Japan seems to follow approximately that of earth' 
quakes. This is in accordance with the fact that large volcanic 
eruptions and destructive eai-thquakes often take place in nearly 
the same epoch in diflerent parts of a great seismic zone. 
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Annual Variation of the Volcanic 
Eruptions and Earthquakes in Japan. 
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Fig. 4. 
Eartihqu&kefl of 
Inluid Origin. 



X — Time, in months. 

y ss Mo&ibljr nomtwr of Totoaoic ernptions in Japan. 
Sf'= Mean roonihlj poroentaga nomber of oartiiqualma 

of inland origin. Digitized by Google 
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Seasonal Distributions of the 
Volcanic Eruptions and Earthquakes in Japan. 




Fig. d. Earthquakes of Inland Origin. 




^ y s Montlily nnmber of Toloanie ornptiom in Japu. 
Mmsi montblT peroontago uamber of «trthqiiiilM« 
of inla&d flfigiii. 
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Variations of the Yearly Numbers of the 
Volcanic Eruptions and Earthquakes in Japan. 




Fig. 8. Earthquakes. 




y = Yearly number of voloanic pruptions in Japan. 

^= „ ** n Mtttliquakes in Japan (Formosa eaoepted). 
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On the Annual Variation of the Height of Sea-Level 
along Japanese Coasts. 2iid Paper. 

F. Omorl, Se. B., 
Ifomber of the Imperial Earthquake InTestigation Comiuittde. 



With Pis. XIV-XIX. 



littt'oductory. In a previous noto^' I havo c()iisi(lorc<l the 
relation to tho barometric pressure and tlie seismic frequency of 
the annual variation during 1902 of the lieight of sea>level at 
Ayukawa and MiBaki* which are sitoaied on the Pacific coast of 
the Main bland. The present paper treats of the same relation 
for these two places during the year 1903, and also gives the 
discussion of the sea-lm'ol observations dnnng 14)04 made at 
Choshi (province of Shimosa) on the Pacific side, and at the four 
Japan-Sen eonst stations of Otam, Iwasaki, Wajiina and Hamada. 
The data relating to the mean monthly hei^jhts oi sea level at 
Choshi are based on the report of the meteorolpgicai observatory 
at that town, while those relating to all the other places have 
been famished by the Survey Department of the General Staff of 
the Iraperial Army; the tidal measurement at each place being 
made by means of an automatically recording niaicogiaph. The 
approxinia(<' positions of the different stations, wiiich are shown 
in Fig. I (Pi XIV). are as follows. 

• Hm "FnUkatioiiii of Um nirfliqiialw Ibt. Ocmiii.", 1& 
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Statioiis. 


Latitude (N). 


Longitude (£). 


Otarn. 


43«» 


IS' 


141» 01' 


Xwasaki. 


40 


36 


139 65 


Ayvkawa. 


38 


18 


141 81 


Chdshi 


86 


44 


140 60 




35 


10 


189 87 


Wajima (WajiiiiapJEaki). 


37 


25 


136 54 




34 


55 


13S 05 



Jleight of sea-level at Ayukawa and MUnkl^ in 1903. 
Tal)le 1 gives the mean reUitivo nioiithiy heights of sea siii-face for 
11)03 at Ajukawii (jirovincf of iJiknzen) and Mis:ald (province of 
Sagami), while Table I( gives the mean monthly atmospheric 
presBnie for the same year deduced from the barometric ob- 
servations at the meteorological observatories of Ishinomaki and 
Yokosnka, res])6etively near to the two marcograph stations 
above named. 



Table 1. Mean Monthly Relative ITeijjfhts of Sea Level at 
Ayttkawa and Misakl, 1903. 



Month. 


Ayukawa. 


MiaakL 


Mean, 


JawtAxy. 


mm 

131 


nm 
101 


mm 

116 


Febmaxy. 


75 


60 


68 




12 


0 


6 


April. 


0 


19 


10 




116 


loa 


109 


Jvaaa. 


187 


186 


186 
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Honlih. 


Ayukavra. 




• 


1 mm 

Jtily. 1 257 


183 


mm 

220 


Aiignst 


233 


20(> 


220 


Septoi liber. 


240 


190 


218 


October. 


220 


220 


220 


November. 


16G 


191 


179 


Decemboi'. 


187 


i:« 


100 


Tablo II*. 


Mean Monthly Baromeirio Heights at 


laliinomaki and Yokosuka. 1908. 




Momih. 


IflhinoniAlci. 


Yokosnkft. 


Mean 


Jfiunnrv. 


mm rtitn 

700 + 02.4 


11111) mm 

700 + G2.7 


Dim ma 

700 +(12.0 


I'ebruftry. 


02.7 


03.0 


02.9 


March. 


04.2 


03.9 


04.1 


April. 


03.3 


03.1 


03.2 


May. 


60.0 


00.1 


00.1 


Jime. 


no.i 


r).').9 1 50.0 


July. 


56.5 


57.1 


56.8 


Augiwt 


58.8 


58.9 


58.9 


Septomber, 


01.2 


00.0 


no.n 


October. 


03.3 


G2.5 


02.9 


November. 




63.1 


63.3 


Beoamber, 


61.3 


61.8 


61.6 



The 2nd and 3rd columns of Table III give the relative 

monthly values of the lieiglits of sea surface and of the atmos- 



* Bednoed to man leret moA the fiweidng point. 
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pheric pressuFe, rospectivoly moaned from the Aynkawa and Misaki 
roareOgraph observations (Table I) and from the Ishinomaki and 
Yokosnka barometric readings (Table IT), the figiiros indicated in the 

4th cohimn being tlie relative ivtul itinount of pressure expressed in 
height of water oolninn fit the sea bottom itself, obtained by adding 
the aqueous and the atmospheric pressnres as above deduced. 
From Figs. 2 and 3 (PL XV), it will be seen that the annnal varia- 
tion of the height of sea surface is on the whole opposite to that of 
the atmospheric pressure ; the sea water being lowest in March, and 
the barometric height maximum in the same month. The total pres- 
sure at the sea bottom varied relatively between 110 and 308 mm, the 
maximum and mininuim occurring resi>eetively in Octobor and March. 

Table IV^ gives tlie data for 1902, meaned from Aynkawa 
and Misaki, as well as the total [)ressure at the sen bottom 
avoraged from tlie two years 1902 and 1903. As will be seen 
from Fig. 8, the annual variation of the latter quantity presents 
the maximum in October and the minimum in March and April, 
tlie amount of fluctuation being 194 mm of water column, or 14.3 
mm of mercury, which is about 1.J times that of the fluctuation 
of the monthly mean of the barometric pressui'e. 



Table ni. Mean Relative Monthly Heights of Sea Le\'el 
and Barometric Pressure. Ayukawa and Misaki. 1903. 



Month. 


Height of Sea | Baromotric 
Level. j l^xessnre. 


Totiil I'ressuit' 
at Sea Uottoui.* 


Janmuy. 


nm 

110 


mm 

6.6 


mm 

900 


Fehntaty. 


63 


6.9 


156 


Maidi. 


0 


8.1 


110 (miu.) 


April 1 4 


7.2 


112 



* E K pwud in ootumn of WAter. 
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Heijjlit of 8oa 


Barometric 


Total Pressure 
»v ciea ix>tbOiu . 




mm 

loa 

loll 


wm 

4.1 

0.8 


189"" 




loU 


Jixly. 


214 


August. 


214 


2.9 




September. 


212 


4.9 




Octol)er. 


214 




(max.) 


November. 


173 


7.3 


272 


1>eceinber. 


154 




230 



Table IV. Moan Kelativo Montlily Heights of Scu r^evel and 
Barometric Pressui-c. Ayukawa and Mimki, 1902 and 1908. 





Height of 
Sea Level. 
1902. 


' BmrnnebiG ^ "^"^"^ ' ^^''''^ Pressuro 
» ! PreBBUW at Sea 1 bottom * 

Pi^ssnre. »* Sen j ic)oo_i9,,3 
IflM r>otk)in.» 1 
itfira. 1 jgQ2. 1 (mean.) 


Janiiiuy. 


Mm 

125 


mm 

5.1 


194"" 


m"* 


February. 


0 


8.3 


111 (miu.) 


134 


Marcli. 


46 


O.U 


12a 


119 . ^ 

120 


April. 


74 


4.0 


128 


May. 1 
.Tnne. i 


142 


3.2 


185 


172 


xn 


0.2 


174 


177 


Jidy. 




0.0 


18(1 


20(5 


August. 


2or> 


2.(5 


240 j 247 


September. 


248 


2.5 


282 


281 


October. 


21(» 


7.9 


317 (mas.) 


313 (max.) 


November. 


141 


0.3 


267 ' 270 


December. 


207 




272 


251 



* £xpreiaied in oulumu at witter. 
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Comparing Figs. 2 and 3 with the figures ui the Ist paper (the PuUi- 
caihnst No. 18), we nee that tho relation of the ^variation of the 
height of sea surface to Uiat of the atmospheric xjicssure remained 
essentially identical in the two years of 1902 and 1903* the only 

difference being that the epoch ui" the lowest water and higliest 
baronietor occurred in 1902 in Felunary, and in 1903 in March. 

In 1902, the amount of the fluctuation of the mean monthly 
values of tlie lieight o£ sea surface was 248 mm, while that of 
the atmospheric pressure was equivalent to 126 mm of column of 
water ; these two numhers bemg m the ratio of 197 : 100. In 
1903, the amount of fluctuation of the height of sea water was 
somewhat smaHa*, namely, 214 mm, that of the atmospheric 
pressure hein^r also smaller and equivalent to 1 10 mm of water 
column. These two latter nnml)ers are in tho ratio of 195 : 100, 
which is nearly eijual to that for lf)02. 

Observation at Choft/il (];t04y. Tho ft)llowin<,' taMc- -ivts the 
mean monthly valuer of the relative height of soii surface and 
the atmosphei'ic pressure at Choshi, near tho Capo Inuboe, in the 
province of Sbimosa. 



Table V. Mean Monthly Height of Sea Surface and 
Barometrie i'rcssure at Choshi. 1904, 



Muuik 


Height of iyoa, Huriace. 


Uarometno Pressure.^ 


Jauwury. 


mm 


mn mm 


27 


700 + G2.6 


February. 


0 


63.6 



« This accuntit tif tbn diodil oUieraUicm van ntoo given in Uie "Tokyo Sognka Bntmrf 
OnkkwAi Kiji Giuyu." Vul. I. 

{ Wtth ffMiky. acn bvd, anil tecEiofi point comctiaoit. 
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Height of Sea Sniiaca. 


Barometric PreaBiDe. 


3IIaroli, 


mm 

75 


62.1 


April. 


«7 


n3.4 


Maj. 


78 


69.3 


Jvaaa. 


48 


57.8 


July. 


130 


57.7 


August 


190 


58.5 


' September. 


236 


5a3 


Ootober* 


215 


61.4 


Nonrember. 


72 


61.2 


December. 


33 


61.9 



The above figures relating to the height of sea level and the 
bill oinot lie pressure have been deduce<l from the reading at 
() a.m. each day, dnnn<2: the yenr 1901. As will l>c* seen from 
the above table* wliich is illnstrnted in Figs. 4 and 5 (PI XVI), 
tlie sea surEace was highest in September and lowest in Fetnroaty, 
while the barometric pressare was highest in Febraaty and lowest 
in Jane to September; the annual variation of the two quantities 
being approximately the reverse of each other, as was the case 
with Aynkawa and Misaki. 

The difference between the mean monthly maximum and min- 
imum heights of the sea siuiacc was 231! mm. while that of the 
atmospheric pressure was equivalent to 8G mm of water column ; 
these two numbers being in the ratio Of 275 : 100. 

Japan Sea coast* . The amiual variation of the height of 
sea surfoce considered in the pi-eoeding §§ relates to thieo places 

* Ad Mwcmnt of the fl»pnii Hen etwMi ofarerrntkioB hm been giTen in the " Tokyo gqgalm 
Batami G«ikkwni Egi Oniyo," in IWS. 
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on the Pacific coast of Jaijan. Let us now consider the same 
subject relative to the Japan coast; there being on the latt^ 
the following four mareogrsph stations : — 

( i ) Hnmadn, in the province of Iwami ; 

(ii) Wnjima, ou the iiarthern coast of the reninsulii of N'oto ; 

(iii) Iwiisiiki, oil the \\est»'ni ('oust of the province (i£ Mutsu ; 

(iv) Otaru, iu the proviuoe of »Shiribeshi (Hokkaido). 

Table VI gives the mean monthly values of the distance between 
the sea smibce and the datum line in the mareogram at each of 
the above mentioned places ; Table YII giving the mean montlily 
barometric pressures during the same year observed at the 

meteorological observatories of Ilamuda, ^\ ajiin;i, Aomoi i. and 
Sapporo. The two last cities have been chosen on atcfiunt of 
their proximity respectively to Iwasaki and Otaru, there being no 
metcoiolofjical observatory at these two latter places. Finally, 
Table VIII gives the mean monthly values of the relative height 
of sea surface and of the atmospheric pressure* dednced from 
Tables VI and Vn respectively. 



Table VI. Mean Relative Moiithly Pi^sition of the Sea Surface, 

Japan Sea coast* 1902, 



Month. 


Belalive diafauioe between the 
datum line d the Bla 


sea emfaoe and tiie 
raogmn. 


JQaniada. 


Wajima. 


Iwasaki. 


Otanu 


Meeat. 


Jannary. 


■mil 

307 


Ill III 
226 


mm 

180 


mm 

159 


Mm 

218 


Feljroiiry. 


396 


330 


317 


278 


330 


March. 


319 


305 


377 


225 


282 
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BelaliTd distnnce l^etweeu tlie sea Hurface and the 
datam line oi the mAreogtam. 







Wajima. 


IvaeaJa. 


Ofcaru. 


Moan. 


April. 


307""" 


iiini 

289 


in ID 

211 


nifu 

162 


Ifftfll 

212 


May. 


119 


154 


135 


110 


189 


June. 


117 


109 


136 


93 


114 


July. 


83 


69 


112 


103 


92 


Aqgnst 


34 


23 


79 


79 


54 


September, 


0 


0 


0 


70 


18 


October. 


U2 


73 


107 


0 


73 


November. 


206 


180 


170 


66 


166 


December. 


192 


158 


155 


89 


149 



Tabic VII. Hean Monthly Baromotric Prossiiro*. 
Japan Sea eoatut, 1992<, 



Montli. 


} {iiinn III. 


Wajima. 


Auinori. 


Sjipj)oro. 


Janiiarv. 


tiiin 

704.4 




ntm 

760.3 


IMTU 


Febmui y. 


6G.5 


m.l 


63.3 


(•0.09 


Morcli. 


62.6 


63.1 


61.6 


59.27 


April 


60.6 


61.2 


6a4 


55.20 


May. 


57.6 


58.7 


6&3 


66.32 


Juno. 


54.4 


56.1 


66.1 


62.23 


July. 


65.0 


55.7 


56.0 


55.06 


August 




57.4 


59.0 


57.78 


September. 


56.5 


57.1 


58.7 


57.90 


October. 


C3.8 


C4.2 


64.3 


02.2i 


November. 


G5.1 


(55.7 


65.1 


62.79 


December. 


62.5 


62.2 


61.1 


59.66 



* Badnoed to Um Inwang foint tauk tbe aea level. 
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Table Vlli. Cdiiip.iiison <if tl)o Height of boa Surface 
with the barometric Pi-e^sure. 
Japan Sea eoagt, 1903. 



Mouth. 


Itelaiive Height 
oi Hea Duxtaoe. 


Ik'lHtlve Riro- 
melriu f zeaBora. 


Keuitivo lobil 
ProssurQ ut tho 
Sea Bottom. 


Janitury. 


112"" 


MM 

6.94 


193™" 


Edbrnaiy. 


0 


8.76 


119 




48 


6.17 


132 


ApriL 


88 


3.41 


134 


May. 


191 


2.26 


222 


June. 


20c 


1.77 


230 


July. 


238 


0.00 


238 


August. 


27(5 


2.05 


304 


September. 




2.11 


811 


October. 




8.20 


3(58 


Novemljer. 


170 


8.9H 


298 


Doctiiuber. 


181 


0.1)3 


362 



As will be seen frora Table VI, the Hea-levcl was lowest in 
Febraary, and highest in September or October. Tho annual 
amounts of fluctuation of the mean monthly height of 8ca4evol 
at Hamada, Wajinui, Iwasaki anU Otam were respectively 396, 
;]30, ol7, and 278 mm, decreasing from the south to the 
nortli. 

From Table Vlll, tlie annual variation of tlie t)aromctrlc 
pressure will be seen, as in tho case of tho places on the Paciiio 
coast, to bo nearly the raverae of that of tlie height of sea* 
level. Now tho amount of fluctuation of the mean monthly 
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barometric pressure, averaged iVoiu the observations at Hamada, 
Wajima, Aomori, and Sapporo, was 8.98 mm, which corresponds 
to 8.98x13.6=122 mm h^ght of water. On ike other hand, tiic 
annual flttotuation of the mean monthly hdght of sea-Ievel, averaged 
from the observations at the four places of Hamada» Wa^ma, 
Iwasaki, and Otai-u, was 312 mm. Along the Japan Sea coast, 
therefore, the fhietuation of the lieight of sea surface was ()i)posite 
to, and nearly 2A) times larger than, the corresponding flnetuation 
of the barometric presssure. lu other words, tlio sea bottom is 
subjected to a greater total pressure in the summer mouths than 
in Febroaiy, March, and April, tlio diflerenoe between the maximum 
and minimum total pressaios being equal to 249 mm of water 
column, which is equivalent to 18.3 mm of mc«icary, and almost 
exactly twice the amount of fluctuation of the barometric pressure. 
The results contaiimd in Table \'J1I are illustmted in Figs. 0,7, and 9. 

Comparison of the ohserrationn on the Pactft^c and Japan 
Sea coasts* According to the observations in 11)02, the variations 
during the year of the height of sea surface and the barometric 
pressm'e on the Pacific and Japan 8ea coasts wei-e as follows : — 



(A). Amount of Fluctuation of the Mean Monthly Values. 1902. 



Place. 


Baiometric 

(mereiiry columu) 


Height ol Sea 

Siirfjicf. 
(water ooluimi) 


Total FressniB 
ut Sou Bottom, 
(water cdomn) 


Pacific C<j;ist. 
(Aytikitwn anil MjMuki) 

Japjiu Sea CwuA 

(Unmtu^i, ^^'lljimll. 

(Hum). 


mm 

9.3 
8.98 

• 


mm 

248 
312 


mm 

2U(> 

1 

249 
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Aguin from the obsen'atious iii 1903 aud 1904, we obtain 
the following rcsulU* 

(B). Amount of Fluctuation of the Mean Monthly Vahies. 





Pacific Ooaat 1 


MS and 1904. 






BanUDfitrio 


Heigiit of Sea 


Total Vnmm 
at Sea Bottom. 


AjokawA, Hisaki. . 


(meicniy odnnm) 

turn 


(water ocdnnm) 

mm 

214 


(watw odnmn) 
196 






230 


224 



The relation betwetni the height of sea surface and tho 
baromotnc pressure, which may change from year to year depends 
without doubt on gepgrahphical features of a given coast But. 
according to iAio two above tables, the different fluctuations were 
contained within fairly uniform limits, the annual variation of the 
height of sea surface being from 214 to 312 mm, and that of 
the total prcssui-e at the sea Iwttom from 198 to 219 mm. 
There was no marked difference in these respects between the 
Piieific and Japan Sea coasts. Taking the simple averages from 
(A) and (B), we obtain the following mean values of tho annual 
variation 

JJuixjiuutric i*r(jssui-e. . S.17 mm of mercury =111 mm of water. 

• Hein;ht of Sea Surface 2;'>3 mm of walur. 

ToUil l'itJ«siiiX! lit Soa. Bottom. . 219 mm of water. 

Thus the amount of fluctuation of the total pressure at the sea 
bottom was 219 mm, which is greater than that of the barometric 
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pressure in the ratio of 107 : 100, or very iiciuly in the ratio of 
2 : 1. The sea bottom prossnre is maximum in October or Sept- 
ember, and miiumum in Febmaiy to April. 

The increase during the Bummer months in the height of 
sea level, as above described, is to be explained, partly by the 




fall in that epoch of the year of the barometric pressure over 
Japan and the neighbouring seas, and partly by the presence of 
a high pressure centre on the northern ]?acific in the vicinity of 
the Aleutian Islands. Thus, if h and c (see the annexed diagram) 

i*epresents the normnl, ov mean, level of the sea, the latter will 
Itc (Icpresseii to // ami ( through the influence of the high 
pressure area at r, and elevated along the coasts of Japanese 
Islands under the influence of the low pressure at a, the result- 
ing equilibrium surfia.ce of water being a curved form, b' and c'. 
Similarly the decrease of the height of sea level in the winter 
months is to be explamed by the rise of the barometric pressure 
over Japan and the presence of a low pressure centre on the 
Nortliorn Pacific. It is probiblo that the co-oxisteneo of the 
centres of high and low buromotric pressures respectively over 
the land and the ocean (nr rice verm) cauf?es, by the super|)08ition 
of the effects, the amount of the annual variation of the height of 
sea to be approximately double that of the atmospheric pressure. 

SeUmle fitegutncy and total pressure at sea boiiom* 
To compare the annual variation of the frequency of earthquakes 
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of Btibmarine origin with that of the total pressure at sea bottom, 
I indicaU' in tlio followinii table the moan monthly porcentago 
numbers of eurlhtjuaker* for Nemuro, Miyako, Ishinomaki, Kochi, 
and Ilamada ; the fiinirea lK?ing basc-d on the data given in the 
" l*ablications of the Earthquake Inv. Comm.", No. 8. Of these 
five places, each of which is disturbed mostly by earthquakes of 
submarine origin, the first four are situated on the Pacific coast 
of Japan, and the remaining one on the Japan Sea coast. 



Table IX. iUmual Variation of Seismic Frequency. 



Month. 


1 


Mijako. 

i 


Isliiiio 
nmki. 


1 

Kddii. 


Qunnda. 


iKson, 


Jnuunrr. 


(5.5 




4.1 


(?.9 


C.H 


5.9 


February, 


(5.5 


4.4 


ri.7 


11.7 


C.H 


(5 5 


March. 


7.7 


8.1 




9.3 


C.H 


7.8 


April. 


7.H 


10.0 


8.1 


9.3 


3.3 


H.l 


"Slny. 


9.4 


fi.9 


8.1 


4.8 


3.3 


7.1 


Juuc. 


9.4 


9.0 


7.5 


10.5 


3.3 


8.S 


July. 


9.G 


12.2 


11.5 


8.1 


3.3 


9.8 


.\ngust. 


S.O 


12.1 


13.2 


C.9 


13.3 


10.9 




8.4 


5.n 


10..'') 


5.7 


10.0 


8.0 


( K'toW^r. 


9.4 


9.7 


8.4 


8.1 


20.0 


10.4 


November. 


8.4 


9.0 


11.0 


8.1 


10.0 


9.4 


December. 


8.8 

i 


0.9 


G.8 


10.5 1 


13.3 


8.(i 



The meant seismic frequency, given in the last column of the 
above table, has been dednced from the figures for the fire 
diflbrcnt places ; the weight of the data relating to Kochi and 
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Hamada, whose eartli([iiake iiumhers were not numerous enough, 
being taken a» half of that for the others. The annual variation 
of the moan seismic frequency thus obtained is illnstrated in 
Fig. 11, while that of the rdative total sea bottom pressure, 
(ledaced by taking the means of the results relating to the 
Pacific and Japan Sea coasts is illustrated in Fig. 10 

From a comparison of Figs. 10 an<l 11, it will be seen tlint 
the Ireqiioncy of submarine earthquakes follows, on the wliolo, 
the variation of the total pressure at the sea bottom. Thus, the 
carthqnake number is minimum in January and Febraary, and 
maximum in August, and the sea bottom pressure is minimum in 
Febniary to April, and maximum In September and October. 

Stronger earfhquakea of nuMtmarln^ orl^hu The seismic 
frcqueneies considered in the preceding § relate essentially to 
small ordinar3\ or nuii-destruetive, earthquakes and may there- 
foro. in their annual variation, be dition nt fn in tlidso of shocks 
>vliich are large. Thus, for instance, taking the 319 stronger 
earthquakes, which happened between . 1902 and 1906 off the 
coasts of Japan, and whose land area of disturbance was, with 
a few exceptions, greater than 1.000 square H^^ we find : — 

Table X. Annual Variation of Stronger Submarine Earthquakes. 



Montli. 



2fuiul)fr of 



M<mili. 



j Numlx»r of 
I Eqketk 



Jauiuwy. 
Fel)r)mry. 



25 
39 
25 
19 
28 
21 



•Tuly. 



:58 

27 
22 
28 
20 
27 



ilnrttlu 
April. 
May. 
Jime. 



Xovenilter. 
December. 



Sept«}iiil>«r. 

Oet<^»1»er. 



• 1 ri-3.S)-i7km. nmly. 
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Tl»o annual variation of tlu'si^ lar<^er submarine earthquakes, 
illustraieil in Fig. 12, indicates the niaximum in February, and 
is, on tho whole, opposite to that of the small shocks. 
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Fig. 1. Map of Japan. 
Wunomg the ponUom ^ 
the tide gauge Matknu, 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 



Uyukama and Misaki, igoj. 



Fig. 2. Atmospheric Pressure. 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 

Choshi, igo4. 



Fig. 4. Height of Sea SurfSoce. 




Fig. 6. Atmospheric Pressure. 

766-\ i 1 1 i 1 : i 1 1 1 1 



(mm ) 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 

Japan Sea Coast, 2go2. 



Fig. 6. Atmospheric Pressure. 




Fig. 7. Height of Sea Surikce. 




Annual Variation of the Total Pressure 
at the Sea Bottom. 




Annual Variation. 



FL. XIX. 



aoo- 



2m- 



too 



iO.6 




Fig. 10. 
Relative Total rresBure 
at Sea Bottom. ( Pacific 
and Japan Hea Coast.) 



Fig. 11. Eqke Freciueucy. 
(Netmaro, Mivukcj, 
Ishinoroaki, Koclii, 
and Hamada). 



Fiji. 12. 

Frp<juen< v of Strongnr 

EtjkHS of submarine 
oxigiii. (Whole Jajian.) 



MoitfJv. 
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Note on the Annual Variation of the Height 
ot LeveL of Lake Biwa. 

By 

F. Oiiiuri, S<'. Dm 
2[ttub«r of Um luipwiRl Earthquake luvesUgatiun Oominiltee. 



With Pis XX-XXI. 



Tliu litikc ot Biwa''', in the pnivince of Oini, is the largest 
of the sort in Japiin and is situated near the middle of tha Main 
Island ; its sarfaco bemg about 86 metres above (he mean sea 
level, and its area 46,5 square ri^, or 717.2 sq. km. Tlie observa- 
tion of tbc water level along the coast' of the lake was made, during 
the 12 years, 1803-1004, »it 22 stations, to which, since 1005, nine 
more were adde<l ; the datum line boinji; 2^'2J):\ shaku or 85.(H metres 
above th<' ni< 'an sea level at Tetipo-saii. n^ k i. Tlic mean heij^ht 
of the siufaee of the laki; water for eacii month during the 14 
years, 18U3-1U0U, obtained by taking the average of the measure- 
ments at the difl^rent places, is given in Table I. 

From Table I it will be observed that the water was 
highest mostly in Duceralier and Jannaiy ; tlie amomit of the 
fluctuation, or the diflbroncc Iwtwooii the maximum and rainiinnm 
monthly heijxhts. varying between H,18 shaku ( = 248 cm) and 1.40 
sliaku ( = 42 cm.j. The extreme moutlily heights of the water level 

* An iu-<i>iiMt uf tbiD oirthiiiiiiilw mnicii niwaiiil ttio Mm Litlni Ima been given in Om 
JkUUtiH, VuL I. Nw. 3. 

1 1 n»ao «A»s9.4 miluM, ot fkom km. 
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Hiid their diflcri'iieo in cuch uf tliu 14 ycui'b under cousidcruiiou 
are given in Table II. 

Table 1. Mean Monthly ]lei<;bt of the Level uf Lake Biwa*. 

imi;j-ioo(>. 





1 


1 


1 


' IV 


1 

• V 


' XI 


vn 


Tin 


I\ 


X 


XI 


xn 






8.71 1 9.«l 




2.68 


3.71 


8.03 


3.00 


2.62 


1.76 


2.U0 


2.60 


2.86 


2.4t 


2.84 


IBDI 


3.24 


8.15 


2.40 


3.44 


3.47 


2.3CI 


lj» 


0.77 


OM 


0JI8 


0.20 


0.38 


1.U 




081 


oiw 


2.01 


2JW 


1.78 


1.4v 


8.12 


if io 

U.18 


3.08 


A CIJ 

284 


2.10 


1.11 


3.41 


ISM 


166 


1.79 


2.31 


3.23 


3.26 


2.42 


9m 


5.63 


9.74 


7.'22 


4.51 


3.73 


4.2l» 


IW 


ao6 




2.<17 


3.52 


3.08 


3J05 


2.80 


2.W 


aso 


3.72 


2.34 


1.77 


3.88 




1.00 


2.30 


2.40 


2.28 


1.85 


2.18 


2J9 


ua 


1.71 


Lao 


0.»8 


1.13 


187 


im 


1.07 


2.10 


3.15 


3.07 


2.21 


2J03 


2.15 


1.83 


3.18 


4.30 


2.35 


1.7'J 


2.57 


1900 


l.l» 


1.62 


1.60 


2.72 


3.16 


IM 


1.76 


1.62 


IM 


3.77 


3.23 


1.90 


3.U5 


rjoi 


1.74 


1.48 


1.25 


1.71 


1.44 


0.7C 


2Ji6 


1.70 


0.83 


024 


0.17 


0.04 


1.16 


1002 




0.06 


047 


1.10 


2.23 


19U 


1.02 


2;» 


1.16 


1.23 


0.41 


-0.11 


lAl 


isno 


081 


tTH 


0.82 


8.10 


2.40 


2.34 


4.27 


2J0 


0^ 


0.56 


0J35 


0.43 


1.56 




0.4S 


0.24 


0J5S 


0.48 


0.i| 


OJ,l 


2.22 


1.21 


v» 


1.02 


0.04 


0.80 


iJiri 


1W» 


1J3» 


1.4 1 


LOO 


1 

147 • 


1.17 


1.20 


8.83 


2.30 


1.73 


0.:fr 


0.08 


-ojm 


1«!I0 


tSOR 


1.00 


1.S5 


1.00 


1.27 


U.61 


0.67 


2.01 


1.17 


1JD5 


1.55 


1.25 


0.76 


va 




1.43 


1.66 


1.88 


1 

2.31 


8M, 


1.04 


3j63 

1 


2J0 


3.32 


2.23 


1.52 







* TIks Lc->]4tlH lire ii&priiiaiud in ahak a (1 «A<«Att = '/u iUtitiv), Uw (bituiu liuw l^iuyi 
282.53 KknlM nlwvo Uio namn urn level uf Tciiihvmmi, Omkn. 
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Annual Variation: the Height of Surface of 
Lake Biwa compered with the Amount of 
Precipitation and Barometric Pressure. 



FL. ZJL 






PL. XXI. 



Annual Variation of the Seismic Frequency 

and the Pressure at the J_ake Bottom. 
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Table ii. >fiiNinmni and Minimum lici^fbts 
u£ the Lake Water. 



Yaar 


Maximum Height. 


Miuumun Height. 


Di&VBUua 








Hi* 






1893 


3.9H 


(May) 


1.70 




2.17 


18M 


3.47 


( ) 


0.20 


(Not.) 


3.27 


1895 


0.18 




U.61 


(Jau.) 


6.57 


18f»ti 


9.74 


(Sept.) 


1.60 


( « ) 


8.18 


1897 


3.98 


(Mhv) 


1.77 


(Dee.) 




1898 


S.69 


(.Inly;) 


0.90 


(Nov.) 


1.73 


1899 


4.29 


(Oct) 


1.07 


(Jau.) 


2.02 


1900 


aifi 




1.49 


( ) 


1.07 


1991 


2.50 


(JiUy) 


ao4 


(Dec) 


2.52 


1902 


2.33 


(Aiig.) 


-0.11 


( ) 


2.44 


1903 


4.27 


(July) 


a3i 


(Jau.) 


3.90 


1904 


2.22 


( ) 


0.24 


(FeU) 


1.98 


1905 


2.93 


( " ) 


0.02 


(Dec.) 


2.96 


1906 


3.01 


( » ) 


0.01 


(May) 


1.40 



In the following inhlv I give the avorHj^c heights of the hike 
water for the (Hflerent niuutlis of the vcar dedneed from Table 
1, and also the nRuin monthly barometric heights observed at the 
motcorulogical ob8ervat4)ry of liikonc, which is situatod on tliu 
souUi'Oastci'n coast uf Lake Itiwa. 
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Tabic III. Anniiul Vaiiutioits uf ihc llvh^ht of I^ike Water, 
and of tiie Uaroueti'ic Presuuie at liikouc. 





Lake Level 


Bazometrio Pressimj. 


Total proHSiuo aft 
the Iakb Bottom. 


Afi jiitJi 




I") 
Bdnliv« 


(iii) 
MoolUy 
hmmi. 


1 

VMjMtivn. 


(V) 

[iv), <>x|«mM<'<l 
in ennivnlent 
culumu of 
water. 


(vi) 
HnmtiC 
(a)Mid(v) 

1 


(vii) 
Kdiilive 
VwiHtioD. 


I 


1 


0.28 


niiM 


MtlU 

«;.9 


0.31 


rA'ii II 

0.57 


0.26 ' 


11 


l.(\i'> 


0.49 


(M.7 


7.1 


0.32 


0.81 


0.49 


111 


l.SH 


0.71 


<;3.9 


»).3 


(».2H 


0.99 


0.67 


lY 


2.H1 


1.14 


(11.9 


1.3 


0.19 


l.:!3 


1.01 


V 


•J.:J2 


1.15 




2.2 


11.10 


1.25 


0.93 


VI 


IM 


0.77 


57.6 




0.00 


0.77 


0.45 


VJI 


2.05 


1.48 


57.G 


0.0 


0.00 


1.48 


1.16 


VIU 


2.;k; 


1.19 


57.K 


0.2 


0.01 


1.20 


0.88 


IX 


2.3-2 


1.15 


5i).8 


2.2 


0.10 


1.25 


0.93 


X 


2.2:5 


1.06 


()3.0 


5.4 


0.24 


1.30 


0.98 


XI 


1.52 


0.35 


(M.8 


7 2 


0.32 


0.67 


0.35 


XII 


1.17 


0.00 


(;j.7 


7.1 




i>.:?2 


0,00 



With i'o»!;anl tu tlu' annual variation of thi' lake level, we 
»cc, from (ii), Table 111, tliat the difference iHituivn thf maximum 
aiid miuimutu muntlily hei<^lits wan 1.48 sliak-K (-^44.*J cm.), the 
oorrcspouding obaDgo in tho volume of the water of tlic iiU^o 
h&ng i0'*x3.:!2 cubic metres or about 0.322 cubic km. 

As ynh be soon from the graidiical illustration in Fig. 1 
(PI, XX), the lovcl y/an higher in April to October than duruig 
the other months^ and its annual variutiim is nctirly op|)osite to 
that of the barometric pressiure (Fv^. 2). TJio amount of lUictuu- 
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tion of tlic monthly mean of the latter is, however, only 7.2 mm 
of mercury (=0.32 ^taku of water), or about one-fifth of tliat of the 
Ibrmer ; the annual variation of the lake level depending probably 
almoftt entirely on the ]Hfectpitation in the surrounding districts. 

The following table gives the average monthly amount of 
precipitntion at Hikone and at Kyoto, the latter place lioing 
situated some distance to the sontli-west of the Lake (»f liiwa. 



Table l\ 


. Precipitation 


at Ilikone and 


Kyoto. 


Mouth. 


Bikoue 


[ 

K\-oto Mean 

\ 


Jamiaiy 


mm 

70.8 


nifi 

58.4 


64.U 


Febnuuy 


107.4 


62.7 


83.1 


Miuvh 


145.0 


114.8 


189.7 


April 


mi 


108.3 


147.8 


Maj 


77.0 


148u3 


112.7 


•Tune 


188.7 


840.5 


814.0 


July 


135.5 


182.7 


169.1 . 


Aqgmt 


180.7 


180.9 


166.3 


September 


93.4 


167.4 


185.4 


UCCODBr 


137.4 


136.8 


136.6 


Norember 


88.7 


86.6 


84,7 


December 


101.6 


50.1 


75.8 



As illustrated in Fig, 2, the annual variation of the precipi- 
tation tit Kyoto and Hikone is very similur to tliat of the height 
of the lake surface (Fig. 1). 

Annual vrtrlation of Heinm-ie ft'equenci/ at Hikone* 
The monthly number of earthquakes observed iustrumoutally at 
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the Tnot<'orol()gionl obsorvatorj* of llikono, Iwlwecii 1894 and 
1907, are as follows. 



Table V. Monthly Earthquake NnmbcrA at Hikono. 
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As shown in Fig. 4 (PL XXI), the annual variation of the 
seismic frequency at Hikone indicates the maximum in August, 
differing in this respect from those for the other stations, such 

as Kyoto, Nagoya, and Kumamoto, which are shaken more by 

cartluiuakes of inland origin, and wlio.sc soisniic frcqiioney is 

geueraliy minimum in Summerij;. Now, aecoi'ding to Tublo III, 

— I I . — - ■ ■ ■ ■ ■ ' — ' V — 

* ]'x<-Iiu1in1 in il<^lufin{4 ibc nitnii frtNini-ni-y. iN'ing <1«ifl to thv nbaiwlniioe OC aflnHilinelHi 
ot llu^ Kovero MiiH»>Ownri ciirtluiiiiikf «<r .Ian. 10, IttlH. 
I See Ito "FttblicntionK," Ni>. 8, 
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Note on the Anniyd Vuutian of the Bei^ ot Level of Lake Biwii. fff 

the total pressure at the lake bottom, or tlie sum of tlu' ^vater 
and atmospheric jnessures, is maximum in Jiii}-. and its amiiial 
variation is somewliat similar to that of the height of the Avater 
level. Ibe change of pressure at the bottom of the lake, irhose 
mean annual amplitude is 1.16 shaku (=35 cm), or 3.6 times 
greater than that of the barometric pressore, may poasibty be 
the cause of the annual variation of the seismic ficequency i>eca- 
liar to Hikone. 
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JJiat 0f tbe StrdDger Japan Earlhqiiakes, 

1902-1907. 

By 

F. Omorl, 8e. IK, 
Member of the Impwial Earthquake Invwtigfttion Gominitlae. 

The total number of eartbqnakes, whicli orlgmated in or 
aboat Japan during tbe last six years, 1902 to 1907, was 
0,628, giving the average yearly freqnenc}' of 1,605, as 
follows. — 

Ye«r. NnnilH-r eii^keH. 

1902 1.488 

1903 ],:M9 

1904 ]/2:jO 

19U5 l.UGo 

1906 1,792 

1907 1,800 

Among these earthquakes which were mostly slight and local, 
there were 631*, which were extensive, and whose land area of 
motion, as observed with wdinary 6ray>Ewing*Mi]ne type seis- 
mographs, was over 1,000 square H (1 rj=3.927 km). The an- 
nnal fireqnency of these larger earthquakes varied between 76 
and 132, as follows: — 



* locliuliug « tvH tTpioKl CMttuinakwH oC inikutd oc^n, whan una wm betwain 500 imH 
1.(100 8q. rU 
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Monthly aud Yearly Numbers of Ltu-ger EarUiquakes. 
Whole Japan. 1902—1907. 
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11 
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.5 
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ii 


1(» 


9 


42 
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' i 


0 


(i 


: 11 

1 


ti 




44 


iium. 


95 ! 

1 


76 


89 


' 132 

1 
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021 



Hie unuBually laige monthly number of 29 for Juno 1905 (marketl 
-with an atterisk) was due to the occurrence of the strong O'shima 
and Inland Soa earthquakes and their after-shocks. The average 

yearly st-isniic iVoqucncy is {il>out 104, or at tlie mtc of nearly 
twice ]icr work. 

The land area of sensible motion of the 021 earthtjuakes 
under consideration varied between about 100 sq. ri to over 20,000 
sq. rit the numbers of the shocks of different extension being as 
shown in the following table. 
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Numberg of Earthquakes of Diflbrent Land Areas of 

Snt^iililf Motion. 



lioud lU'iiH of seusiUlfi 
luotiuu. 


Numlier of 


motiuu. 


Xumlifi (if 
earthquako8 


tiiMiev IKK) 
R{\\ 1 000 

1,001—1,500 
1,501—3,000 
2,001-2,500 


68 

AAA 

86 
82 
59 


7.501— 8,000"^ 
8.001— 8 fiOO 
8.601— 9,000 
9,001--. 9.500 
9,501—10,000 


6 
7 

4 
1 
1 


2,501— S.O0O 
3,001—8,500 
3,501—4,000 . 
4,001—4.500 
4,601—5.000 


36 
36 
23 
23 
10 


10,001—10,500 
10,501—11,000 
11.(H>1— 11,500 
11.501—12.000 
12.001—12,500 


3 
4 
1 
2 
1 


5.001—6,500 
5,601-^000 
6,001—6,500 
6,501-7.000 
7,001—7,500 


15 
19 
8 
10 

7 


12,501—13,000 
13,001—13,500 
13,601—14,000 
14.001—14,500 
14,501—15,000 

20,501-21, (KX) 


0 
0 
1 
1 
0 

* 

i 



Confiniiii: our attention to tliose eartluiuakes, whose bnul area 
of sensiOk' motion was over 500 S(i. ri, we sec from the above 
table that the areas of tlio majority of these are included between 
501 and 6,000 sq. ri. Espedatly, the earthquakes of the area 
between 501 and 2,000 sq. r£ wore numerous, and tlieir total 
number, namely. 280, is very nearly equal to tliat of all the 
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shocks of tho area between 2,001 and 31,000 sq. n, namely, 283. 
Very extensive disturbances happened of com'se not very frequently, 
and there were only 16 earthquakes* whose area of sensible 
motion was over 9,001 sq, rL 

PI. XXII giapliically illustiati's t lie variation of tlu' frequency 
of ('arth(|iiiikoR of the different lain! areas of sensible motion. 
TJie mean curve soems to be approximately a lojrii'itlimic curve, 
becoming quickly asymptotic with ttie increase of the ai'ea. 

Tlie accompanying list, which has been coropiloci, with a few 
corrections, from tho seismological notes in the successive monthly 
numbera of the Eisho Yoran " {Weather Review) pablished by 
tho Central Meteorological Obserx'atory, «,'i\-eB for each of the 621 
stroiiij nTul moderate earthquakes under ipiestion, the following 
partieiihirs : — 

(1) . Date. 

(2) . Appmxinmte time of eai-t]i>jn:(k(^ oecimaMM) at tlie ejiioeutre. 

T]\<- timn \vvh\ is thai nf lougiiiule 19M>* E. of Qra^wich, UAinely, 
tlu) lift Kurmnl Jiipiu Time. 

(3) . AppvoMinate indioatioii of tlio ]MHitioii of tlie <»irth«|U)iko origm. 

(4) , (5). IjUigBT and dioitor nxeK of the liuul aroji, Mitliin Avhich the 

moUoa iras intenw ftpongh to lie I'eccmltxl by tlie onliiuiry (imy- 
Emng-jtlUoe type aeiamogtaipbn » the neiHrnic <li8tiirbuuo8 being 
Km6h only in a partion of the i-egkiu ihna detennineii 

(6) . Land nraa of clisfcarfannoe of drwtj motion. 

(7) . „ ,. „ „ „ iMderale „ 

(8) . «, «, n t, n rflj^^ «* 

(9) . Totaliland ana» wiUiiu wliidt tliB i>9utliqiiake inoiiou xniBtmsU^e 

ihifl being eqniviJenfc to the enm of (6), (7), and (8^ 
The length and ai^ca are expressed in ri and square ri respec^ 
tively. Theso may bo converted into kilometers and miles by 

the following relations : — 
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1 n=y.93 km = 2.44 miles. 
1 iM]. n:= 15.42 aq. km =5.90 sq. toilee. 

For tlie names and posiiiotis of tbe different provinces, tlie I'cader 
is referred to the key luiip of Japan given in the "Bulletin," 

Vol. I, PI. xxvn. 

The intensity of onlinuiy, w iion-dostriiotivc, 8en«iV»le nKition 
is lierc iiulicntcd as " strong," " modemte," or ** slight." A 
** slight" shock is one ^vluch is very feeble and just strong 
enough to be felt ; a ** moderate " shock is one whose motion is 
well pronounced, but not so severe as to cause general alarm; 
and, finaUy, a strong ** shock is one which is sufficiently intense 
to cause ix'ople to run out of doors, to throw d*wn fnmituvcs, 
to protUice slight cracks of walls, etc. 



021 STRONGER JAPAN EARTHQUAKES. 1902-1907. 
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Jntu 1 ( 0''2tHn ii.ni. . Off the E. iwint of MufHu. 

., , ( lionnilwrv l»pJ\v«'fH Kii nml 

I tiintutu, 
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On the Fore-shocks of Earthquakes. 

By 

i\ OMOBI, 8c D., 
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1. Jntfoductioii. It (ifton luippen.s tliut precursory slinl<iii«fs, 
or " lore-shocks," of dilleront intensities are felt at the ei>if'(mtral 
district of a great earthquake. As the latter is generally due to 
the formation or enlargement of a fault or cradc of conniderable 
length along a seismic zone in the earth's crust, it is quite natural 
tliat some of the weakest secondary points at the strained region 
should first give way and produce the minor shocks, before the 
dislocation or fracture alonf; the whole extension of the focus 
produces tlie iuial groat disturbance, lu iniiiiy instances, the fore- 
shocks were quite numerous, some of thorn attaiuiu"^ the intensity 
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of a somi-do3tnictivc motion. I iiientioti next the raoio typical 
cases of the destructive earthquakes in Japan, which were preceded 
by these small shocks. 

2. Barihquake of Kagi (JParmosay of i9W» The destnic- 
tive earthquake in the Ka;;i prefecture, Formosa, on March 17, 
H)UG, caused by the formation of the Bai.shiktt and Cliinsckirvo 
Faults, (the Builetin, Vol. I, No. 2), was preceded about 5 
minutes before by two strong shocks accompanied by very loud 
Jinarit or sounds, like that due to a continuous discharge of 
gun. As these disturbances were quite unlike ordinary earth* 
quakes felt there, the people were alarmei.1 and took precaution 
for an escape in case of emergency, many iiumiug out of doors. 
Thus it happened that a comparatively small proportion o£ the 
inhabitants remained within doors at the time of the final great 
shock, a circumstance which must have considerably reduced the 
amount of casualties. 

Tlie occurrence of the premonitary shocks and jinari xsas 
also very striking in the cases of the Ansel and Eika«U earth- 
quakes (§§3 and 4)u 

9, Anaei earthquake in €hntral Japan,l The great earths 
quake of the Ist year of Ansei (1851), which was violently felt 
in the in ovinces of Iga, Ise, Omi, Yamato, Yaraashiro, and Settsn, 
took \>\:u'v on July 0, at about 2 am.' Tlic epifocus was a zone 
about 100 km. in length, which stretched from the vicmity of 
Yokkaichi (in Iso) to that of Nara (in Yamato), passing by the 
north of the town of Uyeno (in Iga), where considerable convul- 

* This is (liffercut tiom tb« two great MsU^wik^ of Dec. 23 and 'H iu tbe 8une 7«n7, 
wbiidi arigiiwtcd oK tbtt T»cUo eonfe of HigMu See abo my note '•On Om euOqnoln aaoes 
in nntnl Jugm," the JhdMim VoL I, No. a. 
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sions of the gronnd were produced. At the last named place, a 
moderate shock intense enough to drive people out of doors had 
been fdt already two days before, namely* on the 7th, at 1 pm., 

succeeded hy a stronger and iimisuallr severe one at a little 
btifore 2 pin. These two sliocks, which ciiuscd some cracks of 
the plastered walls, were followed by incessant jimi% or earth 
sounds, like thunders heard toward the north-west, the number 
of the minor shakings which occurred before the evening being 
'2.1. It is rccoi'ded that a traveller liapjiening to arrive at Uyc- 
no tlie same day was frightened by the jinari, st> he went on 
and stayed at Kasagi, thereby escaping the risk of the dis> 
astrous earthquake. Daring the night of the 7th, the people 
were panic-stricken, no one going to bed. On the next day (the 
8th), the weather was fine, and although the jinai i did not cease, 
there was no specially severe shock* and the people began to be 
somewhat reassured. In the same evening, however, there were 
a few small shakings at about 8 pm., the final great earthquake 
having taken place the next morning at 2 am. The two shocks 
at 1 and 2 pm. on the Ttli were also felt iu Osaka. 

4^ Miku-V earthquake of Attg* 31, 1896, at Sh €m pm. 
The Biku-U earthquake was most violent in the two counties of 
Senpoku and Hiraga, in the province of Ugo, and in the connty 

of Xislii-W'aga in the {u<)\ inco of I'ikuchu, i)i()ducing the lines of 
dislocations known as tiie Senya and Kawafune Faults. In the 
epicentral district, there had occurred a shock of moderate intensity 
already C days before, namely, on Aug. 23rd, at 4 pm., followed 
daily by one or more small shakings. On the Slst, at 9 am., 
there Avas a strou<{ slioek, causing some damage to the dwelling 
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houses aiul throwing off the plastered walls of some old doso 
(Japanese ware houses). Themtfier occurred nearly 30 shocks 
and finan; amongst othera the shock at 4h 42m pm. being the 
strongest. 24 minutes later on, at 5h 6m pm., the final groat 

caitli<iuako took jilafc. 

The ei)icciitnil district liatl. betuie August, 181)0, been ouly 
rarely disturbed by eartlKiuakcs, and these latter had not been 
acoompanied by jinarL But since the 23rd of August, the carth^ 
quakes wore invariably accompanied by jinan, indicating their 
nature as fore-shocks and the proximity of their origins. 

A. Xk^nan earthquake of Nov* Sp 1900, at 4h 41m pm»* 
This earthquake orij^inatod oft the ccMist of Izu, and was strongly 
felt in Kozu-sliima, Mikura-jiina, and Miyako-jinia. At the last- 
named island, the lirst fore-Kho(;k, whi(?li was niCKierate in inten- 
sity, ocenrred at 8 am., on the 4th, foUowcnl by many moderate 
and slight shakings. At Mikura-jima, there was a moderate 
sliock at C am., on the 5th, followed every five or ten minutes 
by others, the two strongest among which took place at 
3 and 3 pm. respectively. In Kossu-shima, there was at 8h 
lOni nm., on the 5th, a slight slio< k, followed by about a dozen 
nuiiliiate and slight ones, the tiual am! largest enrLli(]uake 
liaving oceuned at 4h 41m pm. the same day. According 
to the instrumental observations in Tokyo, there Avero 7 shocks, 
wliich preceded the final earthquake, and the first of which 
occurred at 9h 16m am., on the oth, the strongest among tliese 
being tlmt at 2h 10m pm. 

6. JUino-Oivart earthqttake. The great Mino-Owari earth- 
qnak<' of Oct. 28, 1801, at 6h 37m am., was preceded by 
a strong shock, wliieh took place 58 liom'S earlier, namely, at 

* ** Tonnn " idniiihi «fe ibe itilaiub off tbe ooMt oC ba beloiislnB to tlw Fnji ^"dcniilc dudB. 
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9h 14m pm., on the 2oth of the same month. In the cpiccntral 
area, Jinari were heard from time to time before the great 
earthquake* 

7. Hokkaido earthquake of March SS, 1894* Tlie 

eart!i'|iiake of March 22, 1891, which caust!(l (liiiuii^o in tlie two 
pniviiices of Xoiuuro and Knshiio, alon;_' ihc north-eastern coast 
of llokkaiik), occurred at 7h 20ni pm., the origin boin^ sub- 
oceanic and at about 1 iO km. to the south-east of the city of 
Nemaro. This earthquake was preceded by tlio four shocks, 
whoso times of oocnrrence and the intensity of motion at Nemnro 
wore as follows 



Thofl the first fore-shock and the 2nd, which was the strongest 

among the four, had occurred i-espcctivcly 15h 30m and 4h 57m 
before the linal great oaitbqnal<o. 

The above menti n< J four furc-shocks were observed with the 
ordinary Gray^Milne-Ewing typo seismographs. Had the obsorva- 
lion been made with the modem sensitive tromometer adapted 
to a continuous recorder, probably there would have boon re- 
gistered many other small insensible shakings. 

8. JtemnrJi's on the fore-ffhoclcs of the iUffi'veut ((ii'lh- 
tfttakes. The time dislribntiuiis of the Uiku-U and Tonan fore- 
sliocks, which occurred on the same days as the principal 
earthquakes themselves, present some mutual resemblance, as 
will be seen from the following table. 



(i) 3" 49" 14' an. 

(u) 2 88 55 pm. 

(iii) 2 38 25 pm. 

(iv) 2 37 10 pm. 



Moderate. 



Slight. 



SUght. 
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TABU! I.-FORS-SHOCXS OF THB lUKU-U A]XD TONAN BARTHQUAKBS. 



Bi3ni>U Eikirthqti&lceu 


ToDJUi Earthqtukie. 


Time of Saooeamve 
OooDDenoe. Lileml. 


Hme of BwowwriTe 
Oecnnraoe. Intemd. 


3 07 pm. 
8 18. pm.' 

4 42 pm. 

T) 06 pm. 


0" IS"" 
[....4 64 ...6''20" 

....0 11 

0 24 


2 11 pm. 
2 48 pm. 

2 64 pm. 

3 07 pra. 

4 15 pm* 
4 42 pm. 


'...,4'^55'" 
.,,.0 37 ...fi^W 

.... 0 00 

....0 13 ) 

[.1 21 
....1 8 ) 

[ 0 27 







Thus the successiTe intervals between the times of oocurrenco of 
the fore^Bhocks were on the whole identical for the Eikn-U and 
the Tonan earthquakes; the last strong fore-shocks having also 
occurred in the two ' cases by a nearly equal time interval, namely, 

24 and 27 minutes respectively b(*fore the final disturbances. 

The iiitenal between the times of occmrtuce of the first 
strong loie-Bliock and tlie final great earthquake was, for 
the different cases, as follows: — 







13"* 


Biku-U 


6 


1 




1 


9 




2 


10 




0 


161 
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Again, the interval between the time of occurrence of the 
principal disturbance and the commencement of the last epoch of 
increased actiTity or frequency of the fore-shocks, was as 
follows : — 

Ansei Eqke 0"* 

Bilra-U 8 34 

Tonan „ 7 86 

Hokkaido 4 57 

The occurrence of fove-shocks is of course not limited to 
the few oases of the great earthquakes considered in § § 2 to 7. 
The same phenomena are shown by the lurge as well as the 
semi-destractive or strong eartliqimkes originating off the north- 
eastern coasts of Japan, aloiii; the Fuji volcanic ciiaiu, ur ofl' tlie 
eastern coast of Foimosa. A few illustrutivo cases are given next. 

9. Hoh'hu t'ti rthqtfffh'c of June 4, t8i)3* The earth- 
quake of June 4, 1893, at 2h 27m am., shook the southern islands 
of the Kuriles. Thus, in Shikitan island, Uie shock was felt 
strongly, being followed by the Umami along the coast, which 
reached a height of about 8 feet over the ordinary sea level. 
Again, in the Shibetori county (northern part of the Etrup island), 
the tsunami came on about 20 minutes after the shock, and 
caused an increase of water of 5 feet, forcing the river waters to 
How upwards. The tsunami coiitiuuetl till !) am., and the largo 
waves were iei>eate<l five times, rocks having been tlnowii down 
at many places along the coast. Prior to this earthquake, tiiero 
had occurre<l between the 1st and 3rd (June), live moderate and 
slight earthquakes, which shook the Kuriles or the eastern part 
of Hokkaido ; there being one or more shocks each day between 
tlie 4th and tho 13th, except the 10th and the 12th. 
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10. Karenko ^Formosa) earthquake of 190S»* The earth- 
quake of Aug* 28, 1905, at Ih 24m pm., which was a local earth* 
quake and which waa somi-destractive at Karenko (Formosa), was 
preceded by several fcre^shocks. Thus, at the latter town, there 
was a shock on the fore-noon of Aug. 8, several on the 13t1u 
one each on the 18th, lOth, 20th, and Slst. A moderately strong 
shock of f uiio<l on the 2fith, at 4h 50m pm., followed by a few 
slight OIKS, the linul strong carthqimko luivini;; taken plnoe on 
tlio :28th. The ufter-sliocks %veie also numorous, there being 20 
or 30 of these on the same day and on the 29tli. 

U. Os/Uma (Jatu) earthquakes of June 6 and 7, 190 J. 
These two earthquakes, which caused some damage in the island 
of Oshima (Izu), were preceded by numerous small shocks. 
According to the report of tlie Governor of the island, there were 
more than 30 shakings between 1 am. and lOh 15m am., on the 
r>th. and a strong earthquake took place at Oh 35m am., on the 
(itli, causing several landslips in the island. Tlic snbsef|ue)it 
sliocks wvio very frequent, rnorc than 100 having liappeiicd bo- 
foi-e 11 am. the same day. On the 7th, at 2h SDni pm., there 
took i»lnee the principal earthquake, which were followed by 
more Uiau 50 after-shocks in the course of the next 12 hours. 

According to the tromometer ohservation in Tokyo, the 
first shock occurred on the dth, at lOh 23m 2Gs am., between 
which time and the midnight of tiie 7th there were 28 
others. Of these the 22nd one, which gave tlie greatest diagram, 
took place on the 7th at 2h 39m 30s pm. The followng table 
gives a list o£ the earthquakes observed on the 5t]i to 7th in 
Tokyo. 

• my note on thtt Bohiiflelsjknfca tmi BnniluNlin enrtliiiiiiilM o( Jnn. 11, IVfW, given 
elaewliera i& thin Number. 



Digitized by Google 



On the F(iiB>itiiK!ks of Z^itliqimlics. 97 



TABLE II oaHIMA (IZU) EARTHQUAKES OB8BRVBD IN TOKTO. 



No. 


Gronp. 1 


lulousitj in Tokyo. 


Time of Ooenrreucc 
in Tokyo. 


Mean Time of 


1 

1 




5th 


10' •2:V"2fr 


am. 




2 




*{litn)nfi in Oiiluinii) 


6th 


0 40 :;i 


•» 




• » 




# 




0 4:! :i7 


>i 




4 




* 




0 59 n; 


tt 




5 

jt 
0 




» 

*(.i/o(IenileiitY(ikclMia») 




1 13 4:5 
1 19 21 


n 

M 




7 

Q 




» 

Slight 




1 38 56 
1 50 50 


•r 
** 


8 08 44 am. 


Q 
•J 




[Mml'-rtilf at Yokohnmn] 




2 05 09 


M 




10 






1 


2 22 53 


M 




11 




• 




2 50 45 


n 




12 








4 42 27 


n 




13 








5 17 13 






14 




• 




9 19 57 






15 




* 




9 33 08 






16 


B 


» 




10 23 30 




10 08 14 am. 


17 




* 




0 30 14 






* 18 




* 




0 49 22 






19 
20 


C 


« 




5 28 22 
9 2S 55 




m OA OA A_ 

7 28 89 pm. 


21 


D 


* 


7th 


6 12 05 




6 12 05 am. 


22 ! £ 






2 29 30 


pm. 


9 80 80 pm. 


23 








3 30 41 


>> 




24 




* 




3 44 18 


»» 




25 

2(5 


.UUsr- 
slKxskg. 






4 13 58 

8 .1: ; r)4 






•27 




• 




lu (k; 51 






28 


1 


* 




11 09 18 
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TilDe Intervnl. 

. 9" 45'" 
. 8 36 
.10 43 
. 8 27 



From the above tabic it will be seen that the 12 abodes, Nos. 2 to 
IS, occurred one closely after the other. Similarly the 5 shocks, 
Nos. 14 to 18, oGomred together, being, howeyer, separated from 
the preceding ones by a long interval Thus the 21 shocks. 
Nob. 2 to 22, the last of which was the prrndpal earthquake, 
may be divided more or less definitely into the five groups, 
A, B, C\ D, and E, whoso meau times of occurrence are found 
to be as follows : — 

A ( 12 shocks ) &k : 2^ 8" W «m. 

B ( 6 „ ) 10 63 14 „ 

C ( 2 „ ) 7 28 39 pm. 

]>( 1 „ > 7th: 6 12 05 Mil. 

E ( 1 „ ) 2 39 80 pm. 

The successive intervals between the meau tijues of occurrence, 
wliieh in;iy rcganlc*] as indicating the most active epoch of 
the diflercnt groujis, wcie approximately cijual to one anotlier, 
varying from 8h 27iu to lOh 43m. Farther, the numbers of the 
shocks in the first four groups were respectivdy 12, 6, 2, and 1. 
That is to say, the fore-shocks of the earthquake. No. 22, 
occtured periodically in groups at a mean interval of about 8^ 
to 10} hours, the activity or frequency being successively lessraed, 
till the principal disturbance finally took place. This time rela- 
tion of the fore- shocks is somewhat similar to that in the case 
of the Ansei earthquake of July 9, 1851. 

The shocks, Nos. 23 to 28, were the after-shocks. It seems 
that on the occasion mider consideration the fore-shocks were 
more numerous than the after-shocks. 

18. MaehiJa-Jima earthauake^ of May 13, 1908, Tlie 
two principal earthquakes on May 18, 1908, at 5h 23m and 5h 
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37in am., originated under the ocean nearly midway between tlie 
Gape Qmao-zaM of Totomi and the island of Hachijb-jima, at a 
distance of about 100 km. to the north-west of the latter.''' 
There were 6 fore-shocks, which were registered at the mete- 
orological observatory of Ilachijo-jima on the Omori horizontal 
pendulum tromometer of 150 times in the EW <liiection, the re- 
sults of the observation being shown in Table 111. (See the 
diagram reproduced iji PI. XXUI.) 



TABIiB m^BASTHQUAXB OBBBRVATZON AT RACHUOmiA. 

(Xo8. 1--> nro fiirt'-sLiM^ks). 



No. 


ThoB of 

OLCurrence at 
Hachijo- 

jima. 
(May 13) 


Intensity. 


DiU'atiou of 


Max. 2a. 


Difference 
between tho 


Total 


TteSm 


MKCieMive tbmt 
of occonwMw- 


1 


4''44"'iy*aiu. 


Insensible. 




IC.O"' 


0.043""" 


22« 37" 


2 


5 OG 50 


t* 


2 25 


16.3 


O.IG 


8 43 


3 


5 15 33 


f* 


0 35 




0.017 


3 57 


4 


5 1?) :\o 


>* 


0 SO 




0.024 


2 13 


a 


5 21 43 




0 30 1 16.8 




6 


5 23 09 


AtlODg. 


ttlwn 10« 


15.2 






7 


6 37 55 




Dol 




Da 





The time difference between the lat and 2nd shocks was !22m 
37s, while that between the 2nd and 3rd shocks was shorter 
nnd 8ni 43s. The succeeding tiuee intervals again decreased and 
wore respectively 3m 57s, 2m 13s, and Im 2Gs. Thus in the 
present case, the fore-shocks, the first of which had occurred 
39m before the principal earthquake, quickly increased in fre* 

* TbcM tvo eaithqmkes aw dimand man to debkO elwwben In tbin Uomlier. 
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qaency till the latter ws finally produced, indicating a rapid 
progresB of disturbanco at the focus. 

18b JHaHneHon between local and large earU^tMl^e* 
A local shock, which may be regarded as originating from a 
centre or point and is sometimes destructive at the ^ic^tre, is 
characterised by the smallness of its total energy. Such a dis- 
turbance seems generally to he iinaceompanit;<l by the fore-sliocks. 
Oil the otlicr hand, lar;j,c curUiqiuikos, \vho!?e focus has n cou- 
sidcrnhle extension and may he regarded as l»eing eijuivalent to 
a collection of a great number o£ local centres of disturbanco 
arranged along a zone, seem to bo preceded on many occasions 
by minor shocks. Tlie fora-sbocks of a great earthquake may 
first oocor several days or several hours before the latter, and 
their time distribution may be sometimes more or less periodical. 

The phenomena of fore-shocks furaisli a veiy interesting 
subject of study, and give a practical importance to the tromo- 
metrical observation in ('juth^uake couutrios. ^ly belici' is tliat a 
large destructive caith<iuake will be Ibretold iu its epiccutral 
region by soiue I'oi-e-shocks. 

Tokyo. May, 1908. 
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Notes on Uie Secondary Causes ol Eartliquakes. 

By 

F. OHORI, Sc. D., 

Member of tbe Lnperial Earthquake Liresiigation Coimiiiitee^ 
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§ fi. l)iiimjil vnrintion of eiirtluinnki- £roinoncy in Tokyo. 

§ 7. rn-cipiliitioii iiinl ycjirly <-niilui,uiike fm^UfUcy in Tukjo. 

§ a AVmUier nml ilc-ntnu-livc •<aitbe|1UllD0N. 

§ y. Eitrtbixunke wcjithor ami lirts*. 

^ 10. £ff«ctH uf Iturouujtiic ptv8«iure aud ti<k«. 

§ 11. StiaogBr eftTthqiuIccR aagiiiiitits ftom tbe Ini lolaiitlB aone. 

S VI. Kifj-iil stn»riK riirth.m.-slc,-^ Mf in Tr]:r<K 

]) 13. Liiit oL tltc Ktruiigcr i'uriii<iiuik«« wboM- oiigioK wxm not much <lixtiint from Tokyo. 
I 14. Gmdmicni. 

1. 1h( I oduction* Eai tltquakes aio t'iiu>t cl by S(nno .^uddcn 
uwdorgi'Ouiid (iisturbanco.s, wliich may consist in the fonaation or 
extension of a fault, tlio inoduction of a fi.ssuic or cavity, the 
subsidence or uplieaval of a piece of ground, etc. Tliese distur- 
Itances themselves ure, liowever, the results of tlio stresses going 
on in the earth's cmst for a considerable interval of time ; a great 
shock at a given portion of a seismic ro<;ion ocenrriiiK in genei-al 
uulv once in several vcars or even auvcral centiuius. W hen, 
thcTcfi^rc, an earth<|uako is about to happen, the earth's crust in 
the viciuity of its focus is in a critical condition and must bo 
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very sensitive to the eflbcts of ohangtjs in the atmospheric pres- 
sure, tho amount of precipitation of rain and snow, tlie vaiiation 
in the weight of the sea water in the l^al movement^ etc These 
external agencies, which constitute the iecondary eewtttquake eauies 
have evidently an important bearing on the seismic phenomena, 
and the present pap^ contains some notes on the relations of 
these to the time distribution of the shocks in Japan.* 

2. Ilxamples of local c/ia meter tat ics. The following aio 
Homc oxjimplos of \he emo^. in which strung or great eartluinakes 
in a given region occuned in approximately tite same pails of 
the year or of the day. 

(a) The destructive eartliqnake of Kumamoto (Kyushu) took 
place on July 28, 1889. Its numerous after-shocks gradually 
decreased in frequency till 1894, when a strong earthquake oc- 
curred on Aug. 8. A third strong shock took place on Aug, S7, 
1905, fbllowed by a fourth on March 10, 1007. The times of 
oc'ciuiunce of tlieso 4 earthquakes, the three last of wliich >Ycre 
not destructive, are given in the following table. 



TABSJt J.— max OF TBB BXTXRB KDMAMOVO BARTBQVAXSB. 





Date. 


TUxae of Oecsnrrenoe. 


1 


Jnty 28, 1889. 


11" 40" pm. 


2 


Aug. 8, 1894. 


11 19 „ 




Ang. 27, 1903. 


10 42 „ 


4 


Murah 10, 1907. 


10 03 „ 



The severe oartliquako of May 26, 18U8. at U'C^O' am.. 



* His timen are nlmyn given In Ow lat Kormnl JApna Tiine, or tfant of kogiliide 195* 
at OKenvjch. 
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which caused some slight damage, originated in tlio District of 
Uonama* near the town of Muikamachi, in the province of Echigo. 
Six years later, namely, in 1904, a second severe earthquake took 
place on May 8, at 4h 23m 498 am., the origin being close to that 
of the preceding shook. 

(c) The great sea-waves of 1896 along the north-eastern 
coast of the Main Island, known as the Sannku* tsunami, wore 
caused by an earth(|Uiike, which took place on .Tunc 15, at 7 J 
pm. Five years later, namely, in 1901, there was also some 
tidal disturbances accompanying an earthquake which occurred 
on June 15, at pm. 

(<Q The great Shonai earthquake of 1894, which caused 
enormous damage to life and property in the city of Sakata and 
the vicinity (provinces of Usen and Ugo)» took place on Oct. 22, 
at 5h 85m pm. The great Bika-U earthquake of 1896 took place 
cu Aug. 31, at 5h 6m pm. 

Thus it will be seen that the first three K nitiarnoto earih- 
quakt's, (a), were in July or Au;ziist, wliile all the four oecuned 
hite in tlie evening, namely, between lOh 03m pm. and llh 4()m 
pm. The two Echigo eai-thquakes, {h), took place in the month 
of May, at 3h Om to 4h 23m am. The two Sanriku earthquakes, 
(o), occurred on June 15, at 6} to 7^ pm, Finally, the two groat 
destructive earthquakes of Northern Japan, (i), occurred at 5h 
6m to 5h 35m pm. 

PVom these examples it may be inferred that great and strong 
earthquakes in a given district often have a tendency to occur 
in certain months of the year, or at certain liours of the day. 
This is to bo regarded as Indicating the local peculiarities, probably 

• Smrifa* (teaoU* lite tlin« laige piDrinaca ot BQcnwD, BOciuihn, and SlUtm, vUdi fann 
ilia mnUMMtem pttrt d tli« Miiiii idMid. 
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depending on the tidal movement of the sea water and the annual 
and dinmal variations of the barometric pressare. As an example 
relating to great earthquakes occurring along an extensive seismic 
zone, I mention the lour recent destructive shocks of San 
Francisco, Mexico, and Caitral America, whose dates were as 
follows :— 



VABKB n^SARTHQUAKEB AI.ONO THE BOUTH>WESVBRlf 
COAST or HOHZH AMBBTCA 



Bate. 


EnrUiqiiake. 


April 19, 1902. 


Guatemala. 


„ 16, 1906. 


Earkhquake of San Frandsoo. 


15, 1907. 


Mexico. 


March 20. 1908. 


» 



Thus the first tliroc shocks wcurrod all in the month of April, 
between 15th and 19th, while the 4 th occurred in the lattci* part 
of March. 

8. Sirmtg earthquakes in Shimoaa and Miia>chi, The 
following table is a list of the earthquakes felt strongly at Mizu* 
kaido, Sahara and other places along the lower comrse of the 
Tono-fjan-a, which forms the boundary between the two provinces 

of Shimosa and Hitachi. The land aicns of disturbance, within 
whicli the motion was seasibk' oi- was rrforded by *.i\ljiiary 
Gray- Milne -Ewin^ tyi>t' seismographs, were in cucli case over 
1,000 sq. rL 
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TABUB m.— BTSCmO SARTHIQUAKBB ZH BBIBCOaA AMD HITACRZ. 





Date. 


Time of Eiutli(|iu]c0 Oocnnenoe. 


1 


M«uch 


3, 


1902. 




2 


>i 


2r>. 


!>» 


2 35 pnh 


8 


Aug. 


8. 


II 


8 87 nm. 


4 


Bee. 


14. 


»» 


1 57 pm. 


5 


It 


:n, 


11 


2 38 pni. 


a 


Maj 


«. 


1904. 


7 24 am. 


7 


Jane 


30, 




8 21 am. 



It vrill be obsei-ved that four of the Bevcn earthquakes given in 
the above table, namely, Nob. 1, 3, 6* and 7, occurred at 7 to 9 
am., while the ronaining three, Nos. 2, 4, and 5, occurred at I 
to 2 pm. These two groups of the times of occurrence may be 

it'gardcd as approximately agreeing with a \mv of epochs of tho 
inaxiniiirn and minimum iu the diurnal variation ot tlie Inironietric 
pressure. 

4. Gt'iirrttl i'elations of the secondary causes on eni'th- 
quake f'rcqueHC!/. The secondary causes of earthquakes as 
enumerated in § 1 make tbemsclvea sensible by the variation of 
the vertical pressure exerted on the earth's crust. Let us eicamino 
a few simple cases of tho relations of the secondary causes to 
earthquake fireqnency. 

(a) Suppose aft to be a horizontal layer of the earth's crust, 
which is undergo! n;^ a tension parallel to its plane. Then an 
increase or decrease? in the pressure, c, applied vertically to it, 
will ef|nally accelerate the formation of a verticfd rupliac or 
ci-ack. (Figs. 1 and 2.) In the case the layer ab is undci:going 
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ii odniprcssion in its piano, a variation in tlu; external pressure 
may tend to produce a dislocation or slipping. 

(6) When the layer ab is being pushed upwards from below, 
a decrease in the barometric pvessore, the weight of the sea 
waters, etc., will favour the oocurr^oe of the rupture. 

(o) When the layer ab is being pushed down, the imsease 
in the pressure due to the secondary causes will tend to the same 
result 

Fig. 1. Fig. 2. 




I give next a few cases illustrating some of these principles. 

A, Jinari* at Ari$Ha, 1899-1900, The earth sounds, or 
Jinan, at the famous hot spring place of Aiima, near Kobe (pro- 
vince of Settsu), b^n on July 5, 1809, and were very numerous 
during the several sucoeding weeks. The maximum daily number, 
probably about 20(>, was reached at the beginning of August, thence 
the fiV(|Uoiiey gradually decreasing. Aitvv tlie 8tli of August, tlic 
times of occurrence of these jinari were carefully recorded at tlu' 
city ollice of Arinia ; tiio total number during the rest of the 
month being 584. In the four months of September to December 

* Tbo Japaaesti wunl " jianri," which Mgniiies earth .innnd, may be ubod tu deuoto caiUi- 
quake KHmdi oa «dl as ttioia loiiiiida haaid in TOkanio and oUier dfabdola wUidi on aooom- 
ponied only by wy ali^it timnblingB of the gnmnd. 
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Fig. 3. Fraqosooj of fihe Jtnari at Arima. 

PIgi 4. Baiomalrio FtaBsma at Kobe. 
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there altogether 630 of the Jituuri, which did not completely 
cease in the course of the next year. 

The origin of disiarbance was situated at a distance of aboat 
2 km to the sonth of Arima among the Rokko Mountain, -whose 

formation is of grama and diorito. Judging I'loni tlic fivquoncy 
distribut ion of tlio Jiuari in the vicinify, tlic* focal depth was veiy 
small, and probably between A and -2 km. Tlie soun(l^^, wliich were 
sometimes very loud, were mostly like tliat caused by the discharge 
of gun at a distance, or falling of a heavy mass on the gromid. 
The tremblings of the ground, which followed the sounds after 
an interval of 0.5 to 1.0 second, were generally slight On a 
few occasions, however, the earthquake movement was quite sharp, 
and caused the falliiij^ down of some roof tiles, rolling down of 
rock iVaj^nients from mountain slopes, etc 

Table IV gives the hourly distribution of the 1,231 jinari 
recorded at Arima between Aug. 8 and Dec 31, 1899, and the 
mean hourly barometric height during the same interval for the 
meteorological observatory of Kobe, which was not much distant 
from the origin of disturbance. 

TABEH nr.— DZURNAZi TABIATlOnS OP SBB PBBQCTIICT OP 
THK ^IXAKIAX ASIMA AMD TSB BAROBCBX8ZO PRBBBUBB AT KOBB. 



Jimri at Ariiaa. 



Atmospheric Pressure at Kobe. 



Hour Inter\'a]. 



Number jinari. 



Hour. 



BAXomelrio Hei^tb* 



0— 1 AM. 




700+57.78 



1— 2 

2— 3 

4— 5 



51 

60 
4» 



43 



3 
4 
6 



57.72 
57.66 
67.61 
57.68 
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Jimir! at Aiinia. 


Atmospheric Pressare at Kobe. 


1 ■/'kill* 1 Ik 1' ■ 1 1 


1 jAuDiDeroxjtiKiri. 


nonr. 


1 Jxttxoniemo Height,* 


Ii h 

5— 6 Aaj. 


1 44 


b 

6 AM. 


57.85 


fi— 7 


1 39 




58.1o 




7 


7 - 8 


39 


8 


1 58.29 


8 - 


1 51 


9 




58.39 


9—10 


60 


10 


58.30 


10 11 


64 


11 


67.98 


11—12 


67 






0— 1 PM. 


56 


• 

1 PM. 


67.07 


1— 2 


41 


2 


56.66 


2— » 


53 


3 


o6.o4 


» 4 




4 


56.95 


4— 5 


61 


5 


67.11 


R— (i 


40 


6 


57.30 


6— 7 


45 


7 


57.56 


7— 8 


44 


8 


57.76 


8— 9 


40 


9 


67.91 


9U-10 


73 


10 


58.02 


10—11 


62 


11 : 


r>7.98 


11—12 


71 




57.88 




1884 






fiL4 







• E. ilKcfii.n to Btnndniil Krnvity= — 0.70 mm. 
JKoduction to mean sea l«vel=-{-&.40 xauk. 



As illustrated in Fig. :i, the diurnal ^•ariation of the fro- 

quoTicv of tlio jiiiari at Arima shows vciy (haily 1 maxima a, 
h, c, (I, and tlu- 4 coirespondini^ miuimii, inil;< ati!ii,' a si.\-hour 
pCTiodicity. Further, it will bo observed from Fig. 4 that the 
diurnal v-ariation of the barometric pressure at Kobe aiiows 
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the two maxima and two minima. Indicating as usual a 12«hoar 
periodicity. CbmpariDg the tvro figures, we see that the mutual 
relation between the jinari frequency and the barometric pi-essuro 
is striking, the two maxima, h and d» and the two other maxima, 
a and of the former occurring nearly at the same hours respec- 
tively with the two maxima and minima of the latter. The 
epochs of the 4 maxima a, b, c, d, i in Heated by the mean fre- 
quency cui've of the jinari arc aa follows : — 

l«l Miftximain, (a) about 3 am. 

Sad „ ib) „ 11 

3id „ (c) 4 pm. 

4{h „ ((2} between 10-11 „ 

The differences between the 4 maxima a, c, d, and the corres- 

pondiii;^: miiiiuia (the preeediiig iiuiiiiuum in each case, say), are 
as follows : — 

Differentw iu tin* tmiiicncy. 



1st 5Iax. aud Mia 17 

2ud „ -.28 

:iid „ '20 

Ith „ :i3 

Averof^ 85 



This average difference may ' approximately be regarded as the 
effect due to the bai'ometric pressure, and corresponds to about 
50^ of the meim hourly frequency, namely, 51.4. 

As the Jtmiri are purely local phenomena of a shallow origin, 

it is to lie ((iiite expected that thi;ir fKjiiiu nt.y should be infhieuced 
by the; barometric pressure. What was said above itidicntos tbat 
botli the increase and the decrease of the pressure equally causes 
an increase in the froqaency of the jinarh in accordance with the 
l»inciple stated in § 4, (a). 
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6, Diumal variation of earthqualie frequency in Tokyo* 
The diurnal variation of the Beismic frcMjuency in Tokyo also 
shows clearly the same characteristic as the jtnari at Arima. 
Tlie following table giyes the distribation in the 24 hours of the 
day of 2,208 earthquakcR instrumentnlly observed during the 24 
j'ears, 1876-1899, at the ('enlial Meteoiolofrical Observatory, and 
the mcau hourly values of the barometric pressure at the same 
place.* 

TABIS V — DIURNAL VARIATIONS OF THE FREQUBHOT OF 
EARTHQUAKES AND THS BAROACBTHZC 
FRXaSDBB, Ur TOKTO. 



Earthqaakes (167G-1899). 


Atmospheric Praostive. 


Hour iJuter^•al. 


Ti'^quenoy. 


Ilour. 


Barometric lluightl' 


h h 








0— 1AM. 


92 




nun 

700 + 59.:{3 


1— 2 


i 81 


2 


59.24 


2- 3 


90 


3 


59.18 


3— 4 


85 


4 


59.21 


4^ 6 


71 


6 


59.35 


6— fi 


87 


6 


59.58 


6— 7 


95 


7 


59.79 


7— 8 


1)2 


8 


59.95 


S - 0 


9(; 




9 


OO.OU 


})— 10 


lly 


10 


59.88 


10—11 




11 


59.49 


11-12 






58.98 


0— 1 PM. 


79 


1 PM. 


58.66 


1 2 


91 


2 


58.31 


*i— 3 


65 


3 


58.27 



* Bepnidocad fkom tlic JViMbwrioitt tff ih» Eatthqwkt InvtUigtilion ConmUttt, Ma B. 
t With tbt! fro<>nng pnnt wrreotko. BcdncAkm to Ntatidiinl 8Mvitys~0.63 mm; 
tednotuHi to 8eii-leTel= + 1.94 mm. 
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TABLE V. (Cont.) 



£artiu|oakeB (1876-1899). 


AimoBphmic BraBsnie. 


Boor Interrftl. 




Hour. 


BmomAtric Height 


h b 

8— 4 PM. 


104 


4 FM. 


700+58.33 


4— 5 


97 


6 


68.52 


6— 6 


81 


6 


68.82 


6— 7 


89 


7 


59.14 


7— 8 


93 


8 


59.40 


8— 9 


104 


9 


59.00 


9—10 


100 


10 


59.(51 


10—11 


107 


11 


59.54 


11—12 


99 


Miiluigltt. 


59.43 



Fig. 7, drawn from the 3*]K>iirly earthquake numbers, leprc 
s^ts the mean course of the diurnal variation of the seismic 
frequency, which will be seen to be on the whole parallel to that 

of tlio atmospheric pressure. That is to say, the ordinary (non- 
destructive) earthquakes felt in Tolcyo liappen more frequently 
with the high barometer tliau with the low, ilhistrating a case 
stated in § 4, (c). The curve of the hourly seismic frequency 
(Fig. 5) indicates, however, 4 maxima, namely, a pair of principal 
manma, a and 6, respectively at 9-10 am. and 9-10 pm., and a 
pair of the secondary maxima, c and d, respectively at 2-3 am. 
and 8-4 pm. On comparing Figs. 5 and C, it will be noted that, 
according to the principle of § 4, (a), tlie two maxima, C and D, 
and the two minima, C and 17, of the baronatiic pressure 
correspond respectively to tlic pair of the principal maxima and 
the pair of the secondary maxima, of the seismic frequency. 
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7. :Precipitation and yearly earthquake frtquemcy in 
IMeffo, It is quite conceivable tliat the yearly earthquake 
frequency in To^o is related to the amount of the precipitation 
of rain and snow in the plain of Musashi, on which the city is 
8ituat<'(l, or along the north-western cmst of the Main Island, 
wliore n large amount of tlie moisture is deposited during the 
winter months. I give in the second cohmm of Table \l, the 
yearly numbers of tho oartluiuakes wliich wore not teleseismic 
and which were instrumentally recorded during the 32 years, 
1876-1907, at the Central Meteorological Observatory. The obser- 
vations were made at first with Falmieri's seismograph* but shice 
1887 by means of a Gray-Milnc-Ewing type seismograph. It 
will 1)1! ubseived that the earthquakt- number \va^? minimum 
(=32) in 1883, and maximum ( = 21(5) in 189(j, tiience tbe iVe- 
<iuency in fm the whole decreasing. For the sake of refei*once» 
I give in Table VII, the mean barometric pressure and tempera* 
ture, and the amount of precipitation in Tokyo during each of 
these 32 years. As a trial I have taken into consideration tlie 
amount of precipitation at Niigata and Akita, both situated along 
the Japan Sea coast, as the observations at these two i>laces date 
since 1882 and 1883, res|X!ctively over Ihe long intervals of 20 
and 25 years (Table YI). The city of Niigata, about 2(10 km to 
the NKW of Tokyo, is situated at the mouth of the Shinano^^awa, 
the quartemary plain about the lower course of the latter and 
the neighboiinng rivers being the largest in Japan next to the 
Tokyo plain. The city of Akita is at about 440 km to the 
north of Tokyo. 
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TABLB TI. -TEARIiT NUASBZOIS OF EARTHQUAKES TN TOKYO. (1876-1907) 
AMD THE AMOUNT OF PRECIFlTATIOPf AT KIIQATA 
AMD AKITA (1882-1907.) 



YCMX. 


y iimlitr of 
EAztbqtmkes 
in Tal9o. 


AlHOHat at 'PmsgSttlSaa 




NiiffiU. 1 AUte. 




1876 


56 








i9n 


71 








1878 


SO 








1879 


70 ' 








I8S0 


77 








1881 


6-1 








1882 


iCt 


1111 


inti) 


mm 


1883 


32 


179G,5 


1!>3G.4 


1606.5 


18M 


68 


1839JI 


lesai 


1744.7 


1885 


88 


■ 1»33J9 


18093 




18SS 


54 


1580.1 


178S.0 


1683.1 


1887 


80 






1466^ 


1883 


101 


1681.3 


1578u6 


1680^ 


1883 


113 


1SW,3 


1D37.G 


1913.5 


1800 


i»3 


17HI.0 


1971.6 


1877.8 


IR'JI 


123 


1877.7 


182().0 


1818.U 


18i>2 


73 






1723.7 


18J3 


&'J 


1717^ 


1773.2 


1746.6 


1884 


101 


1418J0 


1596.1 


1507.1 


18DS 


183 


158a.7 


1381.0 


1458J9 


1896 


81« 


1M3L1 


3396.1 


8094.6 


1897 


164 


8357.8 


1964,5 


8111.3 


1896 


144 


1777.6 


1639.0 


1708A 


189-J 


121 


1853.0 


lLt72.3 


1912.7 


1900 


150 


l;»5:l.3 


1801.0 


19<JS.7 


lOlU 


121 


IK01.4 


1051.0 


1750.5 


IDO'i 


110 


1093.3 


18">3.8 


1773.fi 


1^03 


104 


1858.9 


2141.4 


2000.2 


vm 


1S5 


1086J 


19S6.8 


1971A 


1905 


ISl 


8199.5 


19S7.8 


8045.4 


1808 


132 


niOwd 


1535.0 


1634.1 


1007 


100 


1741,7 


1548^8 


1645.3 
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XABliE VII. MEAN BAROMIITRIC PRESSURE ANTD TCMPSBATUKE, 
AND THB AMOUffT OF PRECIPITATIOK. 
TOKYO. 1876-1907. 





Menu Bnroraotrtc 


M«aii 


Anunal Amonntof 


lear 




Temperatnre. 


Precipitation. 


1870 


761.1 


late c 


mm 

1756.4 


1877 


61.6 


13.9 


1817.8 


1 S37ft 


1)1. o 


lo.u 


1 7/! 4 •> 


l0«9 


III <k 




1.1QO 7 


Low 


U1.9 


in o 


1 AOS f 


1881 


61.4 


1".« 


1444.4 


1882 


61.5 


13.8 


1478.3 


18H.{ 


61.4 


13,2 


l;)o2.(» 


188-4 


61.2 


12.8 


131 1.?^ 


1885 


61 .rt 


l.i.O 


iu.ii.i 


1886 


61.5 


18.9 


1286.H 


1887 


60.8 




i^nn.o 


lofio 


in. I' 


l'».t.» 


l>uo.o 


looU 


lil 0 




i.iiy..} 


1 QQn 
low 


Ol.l/ 


lO.U 




1891 


61.2 


14.4 


1220.8 


1892 


(»1.0 


14.0 


1715.1 


1893 


61.2 


13.8 


1161.3 


1894 


61.5 


148 


1320.8 


189.=) 


61.1 


13.8 


1397!8 


1896 


61.5 


14.0 


1373.9 


1897 


61.6 


13.2 


1407.2 


1898 


61.2 


13.9 


1711.!) 


1899 


60.7 


13.8 


1649.1 


1900 


61.0 


13.6 


1188.0 


1901 


t\<\". 


13.8 


1588.9 


1902 


60.7 


13.7 


1753.7 


1909 


63.1 


13.7 


1912.2 


1904 


60.8 


13.7 


1381.8 


1903 


61.2 


13.5 


1330.1 


1900 


60.8 


13.1 


1519.6 


1907 


60.7 


13.6 


1640.4 



* Widi tlM fraaBDg point, «mi lerd, «od venHtf «omeHomi. 
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The variation from year to year of the earthquake number 
in Tol^o seems to have no marked general relation to that of 
the amount of the precipitation, or to the mean temperature 
and baromotric pressure, at the same place. The Tokyo seismic 

ficfiuency varied, however, in u close parallelism witli the amount 
of tlie precipitati«)ii at Niigala and Akita. As will ho seen from 
Figs. 9 ami 10, lx)th the absolute amount of the precipitation and 
the general course of its variation with years were nearly alike 
for these two places; the annual amount of precipitation being 
in each case taken to be a function of the time. Fig. 8 illustrates 
the variation of the yearly seismic frequency in Tokyo, and of the 
mean amount of the precipitation at Kiigata and Akita (Table Yl), 
Tlie cune for the seismic frequency will be obsened to be, on the 
wliolo, similar to that for the precipitaf ion (diaNvn in kmI); the hi<;hest 
values hi both occurring in the two years 180C and 1897. In tact 
tlie different maxima in the frequency correspond to those in tlie 
amount of the precipitation, and the two carves ran nearly parallel 
to each other. This coincidence is probably not accidental, and the 
variation of the yearly number of the earthquakes felt in Tokyo 
may be taken to be approximately pro])ortional to the amount of 
precipitation along the north-western side of the Main Island. 

8. Weather and destructive earthf/nakes. bi .Iai>ati. bidia, 
America, and prol>ably also in some other countries, eartlupiakes 
are popularly supposed to occur specially in the so-called earilt- 
ijuake wetUfier, namely, on sultry days. This is, however, not true, 
at least not generally. On the other hand, Oarlylo says in his 
Freni^i JReedutum : ** Hope ushers in a Revolution, — ^as earthquakes 
ore preceded b\- bright weather." Whatever may be the authority 
in scismological matters of the great British author, there were 
certainly matiy eartiupmkes which occurred in bright weather. 
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Indeed the rolation of oarthquakes to weaihw is a very complicated 
question, as it involves the considwations of the atmoi^lierie 

pressure, tcmporatiirc aiifl moisliiio, and the precipitation. Large 
shoekn aiul siuall .slmkings arc olteii ;rovi-nu(I, in tlieir time 
(listrihiition, by entirely opposite laws. 80 ure also earth* juakes 
of inlaiRl origin and those of submarine origin. For the present, 
I shall conEne myself to tlio consideration of some of the great 
destractive earthquakes in Japan, of which we have the record 
of the state of the accompanying weather. There were 18 of 
these siiocks, as fbllows. 

TAXLB Vm.— RBLATIOV SO WEMHttBBBBL OF TSB 



DESTRUCTIVE EAHTHQITAKES 





Date. 


Time of | Fnniaoai tktaa0y 
OoenmnM. [ riialcen. 


Kemiuks ou the Weather. 


T 


Aug. 3. 13111. 


4 lun. 


Kinai rroviiii'^^B,* Kii, 
Awii. (AocompaniMl bjr 

IsHlUlllli.'*) 


fair (Kyoto) 


2 






Ifie. Tiitonu. Miknwn, Kni, 
SimijOT, Sngiitni. Izn. 
(Aocompai^etl bj tau- 


Do. 


3 


Sept. 21, 15ia 


3 am. 


Si'ltsM. Tbo /orii, or fom- 
ple gnte ut btuteDOO-ji, 
oTindmwii. 


Da 




Jau. 18, 13H5. 


[light. 


Kinni riuiini.t's, Omi, 
Minu, Owiui, lae, Mika- 
m. (AceunapnaiiNl hj 
tamnmL) 


StMwy (Kyoto). 






1 am. 


YMaiialuto, Settsa. IziiniL 
(Tha gBfloi Kmcbo Earth- 
qvmlM, vbidi deatiajsil 
tlN OHtle of Ftadiiilii.| 


Vaix (KToto). CouttaiMd 
to ba fair tot ath; nin 
and wind oa 9th. 


6 


June 16, 1663. 


11 Am. 


Siaoi Fminow, Itonta, In Kyuto, ooeMdomd mbu 
WoloMia. Omi, "SEno, be, fn)m tbo previotis ovon- 
Snrngft. MUmwa, Bhinnoo. ing ; bntvy niiufaU at tha 
(The KwiintNiu Enith- i lima of tha ahocfc. 



• The Kinai I'rovinces are Yanwwhirn. Yanint \ Ku^xjn !,]'. l/iiini. nn«l Scttsn. 
** 'J'isuiutmi ileaot«H the great tidal tliHtorbancen. \vhit:h nuty bu ukustid by submarine earth' 
qimhaH, vdlainie efaiitioiife, or by baiametrio ttepHtmaon. 
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TABLE Yin. fCbnf.) 



Ka 


1 

1 


Time of 
wcunenw. 


I'roviucvs htrwugly 

-«- - ■ — 
■mimi. 


Benutrln on the WeHther. 


7 




5 jnii. 

1 


Tnknta (Edugn.) 


Uwvy mow hXt. to tho 
flmoiuit of aome IS feet. 


R 


Dec. SI. 17(». 

I 


3 Mil. 


YlxIo (Tokyo), S'.,'iiiiii. 
Avtx, Knztum. Aivijiu- 
panjed by ttunmnL (Tbe 
Qemoka Eiirtbq,B»fce.) 


Fair in Yedo (Tokyo), 
Calm nod deer iu Kyota 




Oct. 28. 1707. 


1 

1 put. 


Kyaelm lo Tclnldo. (The 
Hoei Euttaqtuikei. the 
■raetO't of tin djetmr- 
n»Dec» tint ^vgt Aodk 
dnjpan in tbe bMoriad 
tiraea.) 


In Kyoto, ckatanialtca. 
In Tom (SbilKdm). very 
dear and liriglit, with iK> 
elond at all; BO wfod 
thmi^hoat Oe dny, itad 
warn oa i& Mnmuir. 


10 


I>ec. 81, IfloaL 


Enrly 
noriuiiK. 


Ogi (piuviui-e uf budu.) 


Ou ilio 8tli. v«y dear 
nod (Aim. 


11 


Dec. IH, 182a 


7 urn. 


Smjo iiiul viduity (nm- 
viDce of Echigo). (Tbe 
BniiHi Eudiqiwlcie.) 


Great nnow Rtorm iu tL<- 
night of the 17th, nn<1 
nomp mill itml slruiig 
winds in the ouaniiog of 
the 18th. 


12 


Atig. 19. 1830. 


4 pm. 


KvMti. and tho Kiuui 
Triiv irjws. ('IIm TenpO 


J-'uir nn thii IHIh— '2<»fh ; 
hmn v r.iiii <•;! tl"-.ilsl ; 
fnir on the :i2nd iiud 
'i3td ; eome niu on the 
24tli. 


13 ' 


Moy K. 1X17. 


Ill i>m. 


Shinnno nn4l IMiipi, 
(Tbe great Zttokoji EuiUa- 
qute.> 


ClcM, calm :rA:\ warm, 
in the day time ntul the 
oraslng «f the 8th. 


14 1 

1 


Jld7 9. 1894. 


2 am. 

) 


Kinni rntvincvK, Igii. Lie, 
Ku >()iii> of the Axuri 


On tha Wh, fwir dmitiK 
the liny time, with nuti 
and thumkr iu tho t-vcu- 
iuft (Kyoto). 


1 

15 1 


Dee. 23. 1(64. 


d um. 


Tolnida (One of the 
Aniwi Euthqnnlm.) 


Fnir in Kyoto, Kii. nud 
the Tokeido ptoninoea. 


10 


Dae. 24. Ib54. | 


0 |»m. 


Kaikiiitlo nnil Niitiknitlo. 
(UiMvC the Auei £iittb> 
qtiBlne.) 


Snme fail weather na on 
th» pioviooB day. 


17 ! 

1 




10 pm. 


Yeilo (Tokyo.) 


Daring tbe day. dondy 
and slightly miny. I'k-ar- 
e<l up iu the evening, 
tho wind being nonaool- 
ly odnu 
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TABLE VIU. (CoiUJ 





Date. 


TSiB* of 
OocdzroDOOi 


Pmrlnow Htron^y 


Benutfka on Uw WaiUier. 




mititmif'irJiitAa 

Oct 98. 1881. 


• 


UfwhOwMi Eqke. 

1 

1 

i 
1 

1 


At (tifu. the umoUDt oi 
predpitftfion during Oct- 
ol>er isal w«8 nnuBiutlly 
Ktiinll, there being no 
min full lit all )>ct\vccn 
the l8t and 22n(l of the 
BXMitll. Since the '2:<rd. 
QwM were mm« cpcoa- 
sionnl rains, \rhicb cetia- 
ed completely at nbont 
fill 40m nm. on the '28tli. 
The sky began to dear 
up ttom About Hh 15m 
iim. in the aame moruing. 
Dm gpaei eerthumto 
took SMoe et 6h a?naaiL. 
white OMlMniaietMr VMS 



The relation to weather of the 18 earthquakes mentioned in 
tho above table was as follows: — 

Fair or detir weather 12 Qarthqnakes. 

doody „ 2 „ 

Kainy or snowy „ B „ 

Bainy aiid xiiady „ 1 » 

Tlai.s it will be observed that 12 out of the 18 cnrllnjimJies 
ocrttnrd in fair or dear weathers. There was only one case, 
No. 7, in which the weather was rainy and windy. This, how- 
ever, took place in Echigo, where there is daring the winter 
months much wind and precipitation, so that it is not at aU 
siirpii^hi<; that a strong carthqnake shonld occur at Takata in a 
bud weather. A<^ain, of tlie 18 destnictive onrtliqnnkes, none 
occurred in a wet snU?'v weather, which is a eontrndictiiiii to iliu 
popular belief befoie referred to. It is extremely probable that 
great shocks do not occur in ««r^ bad weaUters. 

The two great earthquakes of Hoci and Zenkoji (Nos. 9 and 
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13) and the Ogi eartb<iuake (No. 10), whose dates were from 
Oct 28 to May 8, took place each on a very dear, calm and 
warn day. It is probable that these destmctiTe seiBstiic dis- 
turbances happened when, after the passage of tiie atmospiheric 
depressions, the whole of Japan was covered by the high 
jn'essure, so that the weathor was fine and c;ilin, and C'Oiise<iueiitly 
warm in the day time; Just in the same way as a siinw storm 
in Tokyo is generally followed by a bright and warm day. 

9. Earthquake weather and ^res* None of the destructive 
earthquakes in Japan ever happened in the midst of a violent 
storm. Tios is a very fbrtunate circumstance in oonnecidon witii 
the disastrous fires which so often break oat after great shocks. 
Thus, on the occasion of the Tedo (Tokyo) earthquake of the 
2nd year of Ansei, (So. 17), which took place at 10 pm., and 
which caused a loss of about 7,000 lives, fires brokt^ out at 32 
different places in the city. Owing, however, to tiie stillness o£ 
air, all these fires were put out before the day-break, the aggre- 
gate area of the burnt districts being about 1 square mile. This 
amount of the damage is much smalier than in the cases of some 
of the metropolitan fires, which were not connected with earth- 
quakes. For instance, the famous liforuyama fire of the 3rd 
year of ^Meireki, on March 2, 1657, caused the loss of 107,040 
lives; wliili; the great fire of April 1, 1772, began nt Mcmnu 
and reached, within 21 hours, to the Koishikawa, Shitaya, and 
other northern districts, reducing to ashes all the buildings within 
an area 24 km in length and 4 km in width. These and other 
gigantic fires in Yedo (Tokyo) all occurred on the occasion of 
great stroms, and, in the case of the Moireki catastrophe, the 
wind vdocity is supposed to have reached CO miles per hour. 
As, however, the destructive eaith(|uukes never occmred on 
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storuiy days it is to Ix; expected tliat the fires followiii<; these 
would not extend so enormously, provided means be properly 
tak^ for sabdaing the flames.* 

10* Xtffieets of harametrie pressure and tidea. Let us 
next consider the effects on the seismic firequoncy of the tides 
combined with the barometric pressm^, confiiiing our attention to 
the stronger or larjj;er earthquakes, wliioh ori(rinated in the 
vicinity of Tokvo or off the noi th-casti i n cuiist ( f tlio Main 
Island. The times of tlie high or low waters of the tid<- given 
in the subseciuent tables, relate to the tide-gaug(^ station of 
Beigan*jima, Tokyo, and are practically identical to those for 
Yokohama. The tidal movements along the north-eastem coast 
of tlie Main Island take place some half an hour earlier tlian 
those at Tokyo and Yokohama. 

U, Strottger earthquakes originatiftg from the Isu ie- 
land xone. Table IX is a hst of the 11 wcc-wi htiungcr sub- 
niaiiiif earthquakes, whi^^h oriiriTintt d along tlic Fuji volcanie 
ehain, namely, from among tiie l/.ii inlands or in the vicinity of 
Hachijo, Ogasawara (Bonin), and oUier islands some distance off 
the coast of Izu peninsula : the moment of the high or low water 
at Keigan-jima (Tokyo) nearest to the time of occurr«ice of each 
earthquake being also given for the soke of comparison. 



* 8 and M are ttntwIalioDa ol my nates in Japaocw puUiabed in tbiD " Togro Gakagel 



TABLE IX.— USX OF TH£ RliCBNT STRONGER SUBMAIUNE 
BASTBQ V.AKBS ^»BIOR OKZOIirATSD AZAMO TBB 

run TOMiAiixc cbaih. 



(i) Date. 


(ii) Time 

of Eqke. 

Occurrence. 


(Hi) Time of Bigh or 

LoAv watpr nt 
Keigau-jima (Tokyo). 


Time 

Difference 
tii)-(iil). 


Anril 16. 1890. 


9 SO nm 


ii m 

9 18 pm. 


» 

Lov water. 


h lit 

0 12 

V aa mm 




O Oo Hill. 


1 13 Hill. 


High water. 




Mav 7 


2 37 nm 


1 51 pm. 


n 


0 46 


.Tan 18 1897 


0 97 


((next day). 


law water. 


__ 




M 'M mn 

• f UUJ. 


2 59 am. 


» 




Jan. 31. 1900. 


2 38 » 


0 23 


»» 


2 15 


Nor. 6, M 


4 41 pm. 


3 45 pm. 


High water. 


0 56 


« 9, n 


2 55 am. 


1 29 am. 


Low water. 


1 26 


n 19» » 


10 59 pm. 


10 30 pm. 




0 29 


Feb. 20. 1902. 


10 50 am. 


10 44 am. 




0 Otf 


June a, 1903, 


0 28 pm. 


11 36 „ 1 


High wateh 


0 52 


Not. 13, 1904. 


9 49 am. 


8 55 


M 


0 54 


June 7, 1905. 


2 40 pm. 


3 on pm. 


Low water. 


-0 23 


Mttj 4, 1907. 


6 37 „ , 


4 43 „ J 


IP 


0 54 
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With regard to the diurnal variation of the barometric 
pressure, the times of tho earthquakes tabulated above may bo 
grouped, except tho 2nd and the last, as follows : — 



The two gKJiips A and B occnn-ed at tho hours of the barometric 

maxinium, while tho two oDier ;^ruui)s C and D occurred at the 
Imtus uf the I "lat'tric miiiiiiumi. 

Tho (lidi'ii'iicc hotwccii Iht; time of oarthquako occurK.'neo 
ami (ho noarcst inomont of tho hi<;h or low wutor of tho tide 
varied, except in tho case of tho 4tli earthquake, between Oh 12m 
and 2h 15m, giving tho average value of 50m. This is to bo 
I'cgurdcd as tho interval by which the different earthquakes 
followed, except in ono case, tho high or low water in the Tokyo 
TJay, which happens not much apart in time from that along the 
islands of tho zono in (]uosti(>n. 

12. JteccNt Hit'omj {'(n thqtiftkeH felt in Toh'tfo. In § S i 
have considoiod sonio of tho yi-ciit destiactive oaitli junlccs in 
Japan in relation to weather. Turning now our attention to the 
recent earthquakes felt in Tokyo, we have 14 cases, in which 
tho motion was strong or severe; amongst others, the shock 
( No. 7 ) of Juno 20, 1894, was seml^destructive and caused a 
considerable amount of damage. The isolation of their times of 
ocouironoo to tho low or high wufci' opooh of tho tide and the 
haJunielric pressure iu shown in tho following table. 






» 24 am. 

3 65 „ 



Notat oo tli» Secoodmy Ctmaen of EMtliqiMkn. 1^ 

TABZiB X-LIST OF STROITO BARTBQtlAKIlB FBItT ZW TOKTO. 

(li) . , . . lliyh wuti r ; ( . . . Ijow witter. 

• Ttmo of Time of llii^h iir Buunfttric Piowuc. 

Xo. : EMe. EBitliqiuilra ^u^iplli-jimn!'' im-leTel «n.l fr.«zii)]i 

, OccimoiMe. Tt^o Bnj. vmixil oameotiooB). 



1 


reu. 


22, l^WU. 


1 1 




uiu. 


UK iilll. (U) 


Min. 7-'t|.<i mm. I'rusHutc luuc lUter 
tbo alioek. 




Od. 


ts. im. 


4 


21 


am. 


1 

I 2 00 run. {b} 


^ Ifin. 7S4 mm. at 4 pm^ oa 14th. 




Jim. 


15. 18S7. 


i'» 


51 


I>ia. 


1 u IS iim. (hi 

I 3 ao pm. <i) 


, Mia. 7 jl mto, nt 2 nto., ou l^th. 


i* 


AtirU 


29. tm. 


10 


Oil 


nm. 


1 f Tllll« 

I 1 25 lun. (It 


uar. jhqucs r9v mm. prawuie uc- 

crensiug. 




Feb. 


IK, lH«ii). 


I 


U'J 




7 Ul am. ill) 


MiD. 71G mm, nt 2 pm., an 17th. 




Dec. 


34. mi. 


i 5 


30 


lUU. 


5 €7 nm. (t) 


Bnr. bflights762 mm, pniww* In* 




•laoe 


20, 1MJ4. 


2 


04 


im. 


0 4i pm. (1) 


, Mio. 7;)|.7 mm. at 3-.S pm., on 
: 20tfa. 




Jiui. 


1«. 1893. 


10 


4a 


pm. 


10 Itf pm. (h) 


SUn. M<iuu i<re>80iie <m 16lh = 
7S2.0 mm. 




Aiwil 


-2% 1901. 




10 


am. 


3 23 nm. (1) 


On 23r1. Min. 757 mm. at 4 am., 
FroaanrA iit«Ti'.isiu;; 


10 


Jimtj 


23. IJi^i. 


7 


1 ( 


uni. 


t! 31 ItUL ill) 


SAiu. m.j ului. 111 7 iim, on -UU. 

4 






21. im. 


» 


u 


nm. 


C 57 am. (h) 


( ^[i^iti i>r«.ssnre on 2llha750 mm. 














1 IjaDlUi-tcr iKceiiditig. 


li 


Juiie 


11. 11MI7. 






HUt. 


r 4 2» am. 
t 1 to pm. (1) 


1 Mlu. 7 n; mm, ul 10 ^tm., on UUi. 


i:l 


Sept. 


'22, 1907. 


4 


50 


nm. 


1 5 '27 nm. (b) 


1 PctHsnre in tbn nocmnl cooditkwi. 
Bur. height = 750 mm nt Gam., on 


14« 


Nov. 


22, VMl, 


2 


17 


nm. 


2 OG nm. (i) 


, Max. 774 mm, at U luu.. on 22nil. 



Eiiith(|aak«(( of iainiul ori^pn. 



With rcgiinls to the atmospheric pixjssurc, it is a iiotablo 
fact that 8 out of the 14 cafthqunkos wore accompanictl by the 
marked flcpression of 741.5 to 754.7 mm. and ono by a very 
high pro^ssiiro of 774 inra ; thero bcin<r only 5 earthquakes which 
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t)ceiuTe(l when the pressure was in the normal condition, betwoon 
756 and 762 mm. 01 the 8 casos of barometric miiihna above 
noted, 4 preceded, 2 followed, and 2 were nearly simnltaneous 
with the respective earthquakes. These relations to the atmos- 
pheric pressure of the strong and severe shocks need not 
necessarily Ix^ similar to those in the case of the great destructive 
eurthquukt'S (§ 8). 

The (lifierenee between tiie time of earthquake *»ceurrence 
and tluit of the corresjionding high or low water of the tide 
varied in 11 out of the 14 cases, between Oh Om and 2h 21m; 
only in the 3 remaining cases, earthquakes liappened midway 
between the high and low waters. Again, of the 8 earthquakes 
accompanied by barometric depressions, six were of submarine origin, 
and five of these occurred near the timo of the high waters. On the 
ollui- hauil, of tije ') eartlnjuakes of iiilaiul urij^i'i, tliif<; oecuired 
witli the low water and two Ik'tweeu the low mid hiiili wiift-rs. 

13. of the Htronyer earthquakett whouc orujins irerv 

not much distant from Tokyo, The two tables XI and XII 
give a list of the 140 stronger earthquakes, which happened 
between 1002 and 1907, and whose ori^s were mostly in the 
Kwanto provinces* or off their coasts not much distant from 
Tokyo. The land area of disturbance of each of these earth- 
quakes, including that in which the motion was insensible but 
was iwniilcd by the oidi nary ( !iay-MiIiie-E\ving tyj)e seismo- 
j^iajihs, was greater than 1,000 square ri. (See also the Bidleiin, 
Vol. II, No. 1.) The time of the low or high water in the Tokyo 
Bay nearest to that of each of the earthquakes is given in the 
4th column of the two tables. The different earthquakes are 
divided into ten groups according to the positions of their origms. 

* llic Kwunto iirovinccs aio Sagpimi, Mofiashi, Awa, Kazuso, Sluini>sn, HitncUi. etc. 
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TABIJB XI.— STRONGER EARTHQUAKTIS WHOBT! CENTRES WEBB HOT 

MtrCH DISTANT FROM TOKYO INLATiD ORIGIN 









(i) Tine of 


(ii) Time of the 


Tim* 


Otisin of Sqlw. 


D«te. 


Enrtbriaitkc 


High or Low 


DiflFerenoe 








Ooonnanaa. 


Water. 








Dec. 'J, 100-2 
Mnrch 13, 1903 


1'' 
3 


04 


am. 
pm. 


/ 5''00"nm. <1) 
J 11 02 pm. (h) 
((preoe«liDg tiny). 
5 23 pm. (li) 


h m 

-•2 I'J 


Oronp I. 


April 
Mar 


90^ .. 


5 
4 


15 
32 


am. 
MB. 


A 33 

9 as 


nm. 

MB. 


(1) 

(b) 


1 42 
1 59 




Uiij 


10^ IMS 


a 
m 


94 


pm. 


1 54 


pm. (I) 


0 40 




July 


87, 1907 


4 


» 


pm. 


1 5S 


pm. (1) 


3 » 




Hot. 


10, 


« 






S IS 


im. 


m 


•1 09 






22. .. 




17 


am. 


2 06 


nm. 


(I) 


0 11 




.Inn. 


17. 1902 


i 


18 


am. 


4 59 


am. 


<i) 


-0 41 




April 


1. .. 


5 


39 


nm. 


5 0.1 


nm. 


U) 


0 29 


Oxonp n, 


July 


1. 


2 


01 


um. 


0 10 


nm. 


(h) 


1 21 




Sept. 


1ft. ., 


;< 


19 


nm. 


4 (!■) 


nm. 


(h) 


-0 50 






'.), nm 




110 


pm. 


f 0 11 

\ 5 It 


pm. 

Jim. 


(I) 

(by 






Jau. 


lb. VM& 


7 


55 


iim 


8 4il 


nm. 




-0 54 




Uwdi 


I S. IMS 


fl 


as 




036 


pm. 


0) 


1 M 




Jvne 




5 


40 




458 


pm. 


04 


0 51 




Not. 


5. .. 


5 


49 


pm. 


r 3 M 
I 808 


pm. 
pm. 


(1) 

<h) 


— 




Uonhis, ma 


1 


11 




ost 


P1I>.<1) 


0 u 


Group III. 
'WesUrn part of Hitafilii, 
nnd ShinMlsiiie. 


Jal7 

«■ 


^ n 
IS. n 


a 

4 


19 
51 


■B. 


2 4S 

S 16 


•m. 


(h) 
<1) 


0 37 

1 35 




n 


U » 


a 


OS 


pm. 


a 34 




(h) 


-0 18 




April 


37. IMM 


s 


14 




SCO 




ih> 


0 14 




Se|>t. 


17. IMS 


s 


97 


pm. 


5 18 






0 09 




April 


18. 1M7 


1 


as 




3 as 


am. 


(1) 


0 10 


Qnvp ZV. 

Km. 




«W IMS 




S9 




7 02 


pm. (b) 


1 37 


V, 1 




1 






1 ■_>? 






1 ;?2 
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(i) Time u£ 


(ii 1 'l'iTu« u£ Ui« 


Time 


Origia at Eqke. 


Dnte. 


Eoitbqiwko 


High or Low 








OocuiiMiofi. 


Water. 


(iWii). 



Group V. 
Sliinx^t, \i('ituty of 
KohumiKA-iiTn Ofituclii), 
Kiumfut. i iist. rn imrt 



Mnjcb U, 


1902 


'J'' 




am. 




25. 




•> 


;tr. 


pni. 


May 


15, 




7 


•AX. 


nm. 


Avg, 


9. 


?■ 


8 


37 


noi. 


Dec. 


14. 




1 


91 


pm. 


ft 


31, 


■t 


s 


38 




Jm. 


5. 


1909 


ft 


44 


Jim. 






5 


35 


am. 


April 


29. 




9 


02 


AID. 


ISnj 


«. 




8 


S3 


inn. 


June 


7. 




8 


3S 


An. 


Decs. 


9, 




8 


S5 


Am. 


Miavh 13. 


1904 


6 




nm. 


April 


4. 




8 


20 


nut. 

« . 


'SUj 


9. 




7 


24 


nm. 


Jane 


90. 


It 


a 




fhm. 


Aug. 


4, 


tl 


9 


48 


pm. 


Od. 


». 




0 


35 


am. 


Ai>ril 


«, 


1006 


9 


90 


pm. 




30. 




4 


3S 


nm. 


June 


11. 




11 


51 


pill. 




21. 


«* 


10 


no 


pm. 




Ui, 




0 


OR 


iim. 


c.t. 


10. 




'J 


10 


!»m. 


Jan. 


9. 


1!K)C 


0 


51 


pm. 


Fel.. 


1«. 




2 


15 


pm. 


Mny 


21. 


«t 


:\ 


or, 


l>m. 


»» 


29. 


m 


11 


n 


pni. 



i 

1 09 pm. U) ' 

5 57 am. (I) 

8 05 am. (b) 
4 da pm. (h) 
1 14 pm. (I) 

9 00 nm. (h) 
4 as am. <U) 
7 S5 am. (I) 

7 97 am. <l) 
10 It am. (1) 

8 30 nm. (h) 
8 51 am. (I) 

7 49 am. (h) 

0 00 am. (1) 

6 43 am. (li) 
10 31 pm. <h> 

1 -21 nm. (h) 
/ 0 16 pm. (h) 
J 1 31 am. (I) 
I (next dttj). 

^ 3 33 am. (b) 

r 0 12 nm. (h) 
((noxt iliiy). 

10 05 \mi. [h) 

0 50 nm. (li) 

8 IH nm. (h) 

1 :) I i.ia. (h) 
; D 12 ain. (1) 
((next clny). 

11 ii nm. (h) 

4 57 pm. (h) 

10 n i>m. (b) 



_2''0I>"' 

1 2>\ 

1 11 

0 32 

-a 38 

1 31 
-0 16 

1 13 

-a 63 

1 35 

-1 S3 

0 83 

so 

0 31 

1 ai 

1 99 

-0 45 

-0 49 

1 90 

-0 31 

<-0 OS 

1 lA 

0 5:i 

2 53 
-1 01 

1 U 
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Oroup V. 

Shimoen. Vicinity of 
K»HTiiniga-um (Hitnchi), 
KnzDBn, cnetern {mit 
of MnBOHhi. 



(ii Time of 
Karthquikc 
Ooooiveiiw. 



Ai^ 21. 1906 


51' 


42"' 


nm. 




Hin. (li) 


Oi> 


19"" 


22. .. 


0 


08 


un. 


1 la 


am. (1) 


-1 


05 


Oct. 6. „ 


« 


35 


pm. 


6 43 


pm. (b) 


-0 


03 




11 


07 


pn. 


10 09 


pm. (I) 


1 


04 


Sw^ ft 


5 


48 


pnL. 


300 


pm. <1) 


-3 


90 


Jtiu. 8. tM7 


3 


49 


am. 


9 38 


«». 0) 


1 


03 


Kb. 92, f, 


» 


ST 


pm. 


a 02 


l>ni. (t) 


1 


53 


UhidiUI. 


0 


3S 


mm. 


ill 53 

llpnced 


pm. (1) 


0 


45 


Stay 9, » 


» 


45 


am. 


4 89 


am. (1) 


1 


13 


Hot. ,. 


11 


ss 




0 01 


pm. (h) 


-0 


33 


Deo. 11, n 


5 


54 


put. 


4 11 


pm. (1) 


1 


43 



(ii) Tim*" of the 
Uigli <jr IjOW 
WHtnr. I 



Time 
Difference. 
(iMii) 



TABLE XTI STRONGER EARTHQUAKES 
NOT MUCH DISTANT FROM TOKTO. 



WHOSE CTNTRRS WERE 
8UBMAilIN£ ORIOIN. 



Ongin of Kqke. 


Dnt«. 


li) Time of 
l'jirth(|iuike | 
OoctiRcnoB. 


(ii) Tinii rf the 
High or Ix)W 
Water. 


Time 
i>tff«reDc«. 




M«y 


17. 


ia(>2 


1'" 


IK" 


pm. 


I* 




pm. 


(h) 


-01' 






OH. 


Ifi. 




1 


57 


am. 


4 


16 


nm. 


tl»> 


-2 


10 




Fel.. 


1). 


vm 


11 


t:» 


pm. 


1 


28 


pm. 


0) 


-0 


i^ 




July 


1. 




9 


10 


nm. 


10 


o:i 


nm. 


(h) 


-0 






Dec. 


1«, 




11 


20 


nn. 


11 


51 


am. 


(1) 


-0 


M 


Group VI. 


March 


H, 


iitai 


:i 


10 


nm. 


* 


:u 


nm. 


«U 


-0 


51 


Off the cxKiKt uf 


















llitMilu. 


Oct. 


2. 


l'.)0.-> 


10 


51 


nm. 




2»l 
42 


nm. 
pm. 


(b) 
111 








Dec. 


2(', 




0 


11 


pm. 


0 


22 


pm. 


fl) 


-0 


11 




.Tuti. 


25. 


I'JOT 


6 


35 


pm. 


jio 

I ' 


12 

02 


pm. 
pm. 


ll) 
<b) 








April 






, 0 


51 


pm. 


2 


0& 


pm. 


a) 


-1 


14 




May 


5, 




9 


16 


am. 


4 


51 


nm. 


(1) 


-2 


35 




Oct 


15, 


m 


9 


06 


am. 


It t 


02 
54 


•m. 
pm. 


(1) 
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TABLE XII. (Conl.) 











{i) Tim 


(• t)f 


UII 


Time of the 


Timf 


Origin of £qke. 






KnzUmoake 


Jligb or Low 


IHIference. 














Wator. 




«-(«) 


















Nov. 






8*' 


15'" 


nm. 


lOhOG" 


um. 


(1) 


- 1*" 


51"' 




Oct 






ti 




iim. 


6 


37 


•Ull. 




— 'U 


11 
M 


Onmp vn. 
Off the ooMt of 


■Dec. 
Oct. 


in. 190& 


1» 
10 


56 
54 


ntn. 
nm. 


111 


29 
46 

21 


nm. (h> 
pm. (1) 

um. (1) 


(1 


.1.1 




Sor. 


2. 




11 


31 


am. 


8 45 


nm. 


(b) 




J(i 






18, 1806 


n 
V 




pn. 


9 03 


pm. 


(1) 




'I'l 




V* 






1 


91 




2 


41 


am. (b) 


-1 


10 




July 




1902 


7 


Til 


iim. 


8 


:i9 






-0 


» 




Jan. 


31, 


1903 


1 


47 


am. 


1 


47 




p) 


0 


00 




Miir. h 2fi, 


„ 


0 


.V.> 


nm. 


•> 


IT 


nm. 




-8 


3B 




April 


V.K 




7 


48 


pm. 


J 

(10 


02 

:i6 


pm. 
pm. 


<1) 

(h) 








July 


12, 


llXli 




40 


pm. 


4 


46 


pm. (h) 


s 


51 




«l 


ir.. 


.. 


.1 


44 


nm. 


1 


39 


nni. 


(1) 


2 


05 




n 


16. 




10 


i)J 


>tm. 


7 


26 


ttin. 


(b) 


■) 


43 




!■ 


17. 




4 


•27 


nm. 


3 


08 


nni. 


(!:■ 


1 


19 




«» 




It 


7 


')! 


pm. 


9 


'21) 


l)ni. 




-1 


38 


Group VIII. 
OfF the K ftwutt of 


t» 


M. 

21), 




6 


20 
30 


pm. 
]mi. 


5 
10 


03 
58 


pui. 
am. 


(1) 
(h) 


1 
1 


17 
32 




Feb. 


17. 


1906 




41 


iiTir. 


(J 


23 

52 


nm. 

urn. 


(1) 








m 


». 


I* 


6 


49 


pm. 


r» 


13 


pm. 




1 


.36 






24. 




9 


14 


nm. 


6 


50 


ntn. 




2 


24 




Mttcob 


fi. 




1 


:i8 


ion. 


2 


•IK 


am. 


<1>) 


-1 


10 




<• 


14. 




ft 


32 


pm. 


8 


13 


pm. 


(h) 


0 


19 




.Kpril 


8, 




2 




pm. 


0 


41 


pm. 


(1) 


a 


11 






7, 




8 


01 


am. 


1.? 


55 
27 


am. 
am. 


(h) 

(1) 










28. 




6 


59 


am. 


6 


45 


am. 


(b) 


0 


11 




Sept. 


J, 




3 


r>» 


iini. 




2:l 


am. 


(11 


0 


30 






i:). 




:i 


2;i 


jiiii. 


f 

1 


:u 


: 1 : li 


(hi 

1 
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TABiLBXU. (Oum.) 









(i) Time of 


(ii) Time cf the 


Tin* 


Oiigin of Eqte. 


Date. 


KiirtlKjimke 




IT TjOW 


Differenoe. 








Occnrrence. 


AVnter. 


Ci)-(ii) 




Nov. 


11. i9oe 


Oh 


SS" 




fll''28'"pm.(h) 
Upnoatliiigdfty). 


in €6*" 




«■ 




S 


89 




5 59 


pm. 0) 


^9 90 


Qgpup vm. 

Oft tlie oomt of 
Atna-Kiiznnn Peniiumlii. 

( Glint. } 


Jmi. 

Feb. 
Jmw 


9S. 1W7 
11, 


5 

ft 


88 
80 


Mn. 
pm. 
■m. 


896 

5 18 

J 4 29 
i 11* 


Mtt. (h) 

pm. (1) 
OJIU (b) 

pm. U) 


_S S3 
0 90 






M 


14. H 


1 


48 


pn. 


9 88 


pa- <1> 


.0 56 




8ept 


2S. H 


4 


60 


Mil. 


5 97 


am.<h) 


-0 87 




Apri 


18. i'J(t4 


H 


la 


pm. 


ii r>7 


pro. (h) 




Oroup IX. 
Off tbe oooat of Sagnini, 
mad ootaide Uie 
ToU^o Bkj. 


•Tim. 
Vtrr. 




11 
11 


00 
64 


pm. 
pm. 


11 50 pm. (1) 

1 « 48 pm. (h) 
i 4 18 am. (1) 


— 0 50 




Out. 


18. 190r 


1 


w 


pm. 


9 35 


pm. (1) 


-0 49 




March 12. 1902 


m 




iim. 


f 1 53 

1 0 36 


pm. (1) 
um. (b) 






April 


5. H 


7 




pm. 


10 16 


Iim. (1) 


— 2 53 




t> 




'i 




iim. 


3 30 


nm. (h) 


— 1 17 




Jam 


as, „ 


7 


42 


nni. 


6 31 


am. (h) 


1 11 




Aug. 


7. « 


Q 


3n 


pm. 


2 40 


pm. (1) 


—2 04 




Oct. 
Aug, 


IS. « 

as. IMS 


10 
3 


24 

33 


urn. 
pm. 


/ 7 41 

\ 1 38 
f 5 47 
t I (X> 


am. {}) 
pm. (h) 
pm. (h) 
Mn. (1) 




Group X. 
Tokyo haj, und 
Ungft ChaniMl, 


OdI. 
Mow. 


97. M 

e. .. 


9 
7 


57 
04 


pn. 

pBl. 


0 47 

5 53 


pm. (h) 
pm. (h) 


0 10 

1 11 




« « 


10. .. 


e 


51 


Jim, 


( 3 51 
t 9 04 


pm. <1) 
pDi.(b) 






F«b. 


96, IBM 


6 


60 




7 88 


pm. <1) 


•1 49 




May 


17, „ 


4 


OS 




1 86 


pm. (1) 


9 98 


• 


•• 


97, N 


6 


41 


MB. 


888 


am. Oi) 


9 IS 




M 


n 1* 


7 


46 


am. 


10 88 


mn. a) 


-9 60 






4 1906 


9 


18 




11 58 


pm. <I) 


86 




n 


6. » 


6 


08 




5 96 


am. <h) 


0 49 
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TABLE Xn. f ' / 









(i) Time of 


(ii) Time of the 


Ham 


OrigiD of Eqke. 




Dttte. 


Enrtiiitiiiilte 
OocoRODoe. 


nigh or Low 
Wnter, 


Diffcrcnoa. 




July 


19. 1905 


511 asnpn. 


Tiilin pm. (h) 






Aug. 


IS. .. 


9 


ss 


pm. 


10 35 pm. (1) 


-1 07 




Sept. 


8, 


2 


03 


AID. 


2 42 nm. (1) 


^0 40 




Oct. 


M. .1 


li 


54 


ttn. 


0 44 pm. (t) 


— 0 SO 




Deo. 


ao. .. 


7 


S3 


pttu 


8 21 pm. ih) 


-0 31 


Group X 
Tokyo lJuy. iitul 
Uxngii CIuiumL 
(Cant. J 


.'ten. 
Ibiy 

«• 


9, 1906 

ai. » 


9 
a 
3 


SS 
21 
17 


pm. 
pnL 
pm. 


1 0 4 J «un. (1) 
((iMsk day) 

4 57 pm. (k) 

1 93 pm. (l) 


-2 « 
-2 96 
0 44 




t* 


30, „ 


9 


97 


pm. 


11 OS pm. (h) 


-1 SS 




Aog. 
t« 


5. » 

t. » 


4 

5 


53 
92 


nm. 
am. 


5 03 am. |h) 


-0 OB 
0 90 




0«t. 


1. 1907 


It 


16 


pm. 


7 19 pm. (t) 


-1 02 




Nov, 




1 


92 


pm. 


0 33 pm. (1) 


0 59 



Juuiliqiiakcx of Inhind Orujin, Giuups / to 71'. (iroups I 
to IV, Table XI, include the 20 cai'thquakos which originated, 
in the regions adjacent to tho plain of tlie lower course of the 
Tone-t^atra and its tribatarios, namely, in the pit>vinces of Musashi 
(eastern part excepted), Sagami, western part of Hitachi, Shimo- 
tsuke, and Kai. A striking feature in the diurnal distribution of 
these inland earthquakes is that, with tho exception of the two, 
\vl)icli occurred between 7 and 0 pni., they have all taken place 
Ix twcen 1 and C am. and 1 and H ]nn., namely, at those lioui*s 
when tho barometric pressnre is maxinmm. (See alno Table XIII.) 

Tho relation of the 20 earthquakes to the phases of the tide, 
was as follows : — 

{(i) 11 oocaired with tlie liigh tide ; 
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(ft) 12 oeenned with the Io«r tide ; 

(c) 3 „ between tlie bigh and low tides. 

Again of tlie I'artliquakrs of (a) and (M, 17 occiirrcil after, 
uiid G OCCUiTod bcf»)iv, the low or lii^^h water. Takin«^ the average 
from the caaes ot those 23 earthquakes, the latter followed the 
high or low water by a mean interval of 31 minutes. 

Earthquakes of hitand Ontjin^ Group V. The eartliquakes 
of Group V originated in the extensive qoarternary tracts, whleh 
comprise the province of Shimosn, the vicinity of the Kasnmiga- 
ura (Ilitaclii), the eustcni });irt of the province of ?^Iusa.slu, and a 
portion of Kazusa. The ])ositions of the origins of some of these 
earthquakes, all uiferred from the area of disturbanee and the 
isoaeismal lines, are unoeiiaiu, and were possibly off the Pacific 
coast of the Awa^Kazusa peninsula. 

In the diurnal distribution, the earthquakes of Oronp Y do 
not show the same characteristic as tlioso of CJroups \ to IV, but 
are suniiar io the submarine <listinl«aii( i'S of (iroups W to X. 
Out of the 30 earth(inalves, 21 occurred with the high water, ! > 
with the low water, and the remaiuiog 2 between tlie liigh and 
low waters. Again, 23 of tlicse earthquakes took place before, 
and 15 after, the higli or low water. 

Earthquakes of Sulnnarhie Origin. The 80 earthquakes of 
Groups VI to X originated off tlie Pacific coasts of the provinces 
of Jlitaclii, Shiiimsa, and Sagaiui. aiul of the Awa-Ka/usa peninsula, 
er in the Toky<» lia\ . Tlie following table gives the hourly 
frequency of these eartlHjuakes taken conjohitly with those of 
Group V, as well as that of tlic inland shocks. Groups I to IV. 
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TABI.X: Xni DIITRKAL VARIATION OP KHB 
BARTHQUAKES OF QROJJFB I to JC 





A.U. 


P.M. 


.Sour* 


(a) Eqbw of 

Croups I to IV. 
(lulaud OrigiQ.) 


m Eqkes uf 
Groupi V to X. 


(a) Yjilm et 

Oroups 1 to rV. 
(lolADd Origin.) 


(h) £qk» of 
anmpi T to X. 




0 ' 




6 ^ 




0 ' 




5 




1—2 


1 




4 




1 




6 




2— 3 

3— 4 


4 
3 


^ 14 


4 
4 


28 


:{ 
2 


10 


G 

2 




4—6 


4 




4 




1 




1 




6—6 






« 








5 




6—7 


0 ' 




5 1 




<l ' 




7 




7—8 


1 




6 




0 




6 




8— 9 

9— 10 


0 
0 


. 1 


10 
6 


35 


1 
0 


1 


2 

11 


82 


10-11 


0 




5 




0 




1 




11—12 


0 . 




4 




0 




5 





As Avill l>e seen from the above table, the earthquakes of the 
submarine and coast originB, namely, those of Groape V to X, 
show a tendency of occurring more frequently between 6 and 12 
am., and between 6 and 12 pm., than during the earlier hours 
both in the forenoon and afternoon. Tliis is approximately the 
i*ever8e of the order of occurrence of the maxinia in the diurnal 
variation of the earthquakes of inland orijxhi. Groups I to IV. 

Of the 80 submarine earthquakes of Groups VI to X, 33 each 
occurred with the liigh and low waters, while tlio remaining 14 
occurred between these two phases of the tide. Again, 29 of the 
earthquakes occurred after, and 38 be/ore, the times of tiie high 
or low water. 
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TABLE XIV.— SLX-HOURiY DISTKIBUTION OF THE EARTHQUAKES 





04 A.U. taO. 0-6 PJL 


e-lS A.1I. ADd 6-19 p.ir. 


Origin, 


Wifh Higb 
Wntcv. 


^Vitll 3xnr 
Water. 


Between 
Hifj^ and 
Lojr W«t«n. 


With lligU 
Water. 


With Loir 
Water. 


Hi|fc and 
Low Waten. 


Inlnoit. \ 
OconpN I-IV. f 


9 




9 




0 


II 


Sliitiioiii. elc. 1 

(iTOUp A'. 1 






0 


12 


7 


2 


SnbmmiDe. > 
Onmpi TI-X. f 


15 


90 


0 


18 


13 


14 



From Table XIV, it will bo observed tliat the 16 snbzoarlne 
and coast oarthquakes of Groups Y-^X, whose times of occurrenoe 
were between those of the high and low waters of the tide, hap- 
pened exclusively between 6 and 12 am. and between 6 and 12 



j)in., uamely, us follows ; — 






6" 


35« 


pm. 


9>> 29" 


pm. 


6 


41 


am. 


9 30 


pm. 


1$ 


51 


pnu 


9 33 


pm. 


6 


51 


pm. 


9 59 


am. 


7 


48 


pm. 


10 24 


am. 


8 


01 


am. 


10 48 


am. 


8 


59 


am. 


10 54 


am. 


9 


05 


am. 


11 54 


pm. 



Taking the average of these times of occurrence, irrespective of 
their being antemeridian or postmeridian, we obtain the vahio 

of 8h 'fSm, or about 9h am. and 9h pm. Thci^e hours, which 
(•()nx'siM)iul to those of th<" I)aiometric maxima in the diiimal 
variutioi), may bo takou as giving the probable time when a 
strong earthquake, in the region under consideration, is to take 
place intermediate between the high and low water epochs. 
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JHurnal Vartdfion of llic Siit^mic Ju'cqueiici) in rclaiion to ilic 
Miasftg of tlic Tide, Table XY gives tho diurnal variations of 
tho earthquakes occuning with tho liigh water and the low 
Avator, and between these two, tho Groups I to ' X being taken 



together. 



TABLE XT,-DRI1I]CAI* TJJaATIOlr OP «8B BBUBIOG FRBQDBNOT 
IN RBLATIOIV TO TBB FBASBB OF THB TISBL 



HcHir. 



0—1 AM. 

1 -2 
2 -a 
:J— 4 

•1—5 



i; 7 AM. 
7— H 
H— 9 
\) 10 

10— 11 

11— 12 

0- 1 r.M. 

1- -i 

— ■ — ' > 

5— fi 

7 I'M. 

7 s 
s 

10 

10- ^11 

11— I'i 



Snin. 



Eortliijuakeu uccuiriiig 



with High Water. 



4 \ 

B 



90 



4 

1 



1 

'2 



3 ; 

2 
4 
:t 
4 
0 



64 



• 18 



11 



15 



with Low Water. 



•I 

1 

") 
4 
4 
4 

1 

a 
3 
0 
2 



1 



62 



20 



11 



r 21 



10 



betwop!! High niul 
Low Waters. 



0 
1 
0 
0 

0 
0 

1 
1 

'2 
«> 

0 

0 
0 

1 

0 
0 

1 

o 

1 

0 
3 
0 

1 



19 



8 



8 
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Thus the earthquakes corresponding to the low water occuri*e(] 
twice as itequently between 0 and C am. and between 0 and Q 
pill., as during the remaining hours. On the other hand, the 

earth<iuaktjs corrcs}X)iKlinj^ to th(! high water and the iiiiddlo of 
tlio high and low waters, occurred not loss or more fre<]uently 
between 6 and 12 am. and between (> and 12 pra., than during 
the other hours. It thus seems that, on the whole, the moderate 
earthquakes shaking the vieinity of Tokyo tend to occur more 
frequently with the minimum barometric pressure and the low 
tide, as well as witli the maximum barometric pressure and the 
high tide. This is in accordance witii one of the principles cx- 
phiincd in § l. 

14. Conclusion, The results obtained in the foregoing 
which are only fragmentary notes on the secondary seismic causes, 
show nevertheless that these latter play a very important part 
in the distribution of earthquakes daring the day, the year, the 
lunar day, etc. As these secondary causes probably determine 
the ultimate niuinout wht ii ;t long-continue<l undergiDimd .stress 
gives rise to a suddt ii disturbances, their careful study will he, 
in conjunction with the observation on the J'ore-sliocks (see the 
pi'cccding article), and the investigation on earthquake ssanes^ of 
help in approximately predicting under favorable circumstances 
the earthquakes likely to happen in a given district. For an 
illustrative example in this connection, I may refer the render 
to my preliminary uulc uii the Foi-mosa r;ii thiiuuke of March 17, 
1000 (the Bidlefin, Vol. I, No. 2). Tiie pei iodicity of earthquakes, 
otlicr than the diurnal and the annual, also probably depends to 
a gi'cat extent on the secondary canses. 
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On the Destructive Earthquakes in the Shinano-gawa 
Valley and those along the Japan Sea Coast. 

By 

F. OXORI, 8c. Dm 

Member of the Imperial EarUiquoke luvcstigaiiou Couuuittei'. ' 



CONTENTS. 

$ 1. I-IiittluituikeH ill the Slii[iiiuo-j|i«iBa Vnllsy. 

i % Zenkoji EnrthquAke of mi. 

I 3. Sanjo (Ec-higo) Knrtbiiitake. 

$ i. V'/Mti iin<l Siulo £4trtliiinulc«<. 

% &. lielation of Zcnkoji Eartbqiwke tu the twu uthets. 

9 6. Belntion betwoou the totmct deHtractivo iitul the reuotit 

Htrong eiitth<jiuikoM iti the SliinAno-ffciKia VhIIvJ. 

i 7, Destmottra coitliqiMkM along the Japan Sen eoot. 

1 EarihquakeB in the SMntmo^awa vaUey* Tho Zenkoji 
eartliquake of 1847 and the Sanjo earthquake of 1828 were two 
great liistorical shocks which occnn*ed in the Hhhmno-fjaira valley. 
I give next a short account of these disturhain es uiul aUo of tlic 
iSatlo-U/xu earthquake ot" \ ^?>'^, wliose t»ri^in was in the .hiptn Sen. 

2. Zenkoji earthquake of 1H47. (8©e Fig. 1.) Tho great 
dit^turbanoe in the 4th year of Koka» generally known as the 
Zenkoji Earthquake, took place on May 8, 1847, at about 0 pm., 
and ^vas one of tho most violent shocks which ever occurred in 
Japan, the total number of the killed being not less than 8,600. 
Tho region of destmctive motion of tho earthquake, which shook 
strongly tlie northern part of the province of Shinano, and u 
portion of tiio proviiico of Eehigo, stretched from a place some 
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5 km to the east of the cify of Talcata, on the north, to the 
vicinity of the town of Matsnmoto, on the south. The area, which 
was about 2,100 sq. km, with an uvemge widtli of about 32 km, 
luu in H S\V8-XEN diroctiuu for a distance of 11 (J km, ulong the 
main coui .se of the Shinano-(/a?r« and its tril)utar}% the ^i-gaira. 
On the soutli-oast, it extended along the Chikuma-^rriMY/, another 
tributary of tiie Shinano-jjuiica* to the vicinity of the town of Ueda ; 
while, on tlie north-east, it reached ahnost to' the boundaiTr of 
the province of Shinano and the Naka-Uonuma and Higashi-Kubiki 
counties of Echigo. 

The protnberance of the area in qnestiou on the north was 
probably dne to the hoftii(».ss of tlie jilluvial foi iiiaf ioii of the pUdn 
of TakaUi. The damage was*, on the otlier hand, comparatively 
light iu the mountainous region between Matsumoto and Ueda, 
partly on account of the scarcity of population. 

The region, within which the greatest amount of damage 
was done, was about 480 sq. km in area, with an average width 
of 10 km, and extended for a distance of about 50 km from tlic 
vicinity of liyama on the north-east, to Shinmachi on the south' 
west, also branching out to the town of Inariyama on the south. 
This area, whicJi was situated ahnost entirely on the west side 
of the Sbinano-7^f//-« and Hm-f/ana, was made up mostly of tertiary 
and vokianio formations, and included amongst others, the follow- 
ing towns and villages: — 



Nagano Ahnost entirely destroyed. 

lunriyama i)00 people killed. 

Shiosaki-miua. l,4^^> (o"t of 1,(K)0) houses destroyed. 

Mm-o Almost entirely destroyed. 

O-komii Do. 

Nojiri 83 lionaes destroyed. 
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The central axis of the area of the greatest damage extended 
from a little west of liyama, throagh the vicinity of Mure, to the 
vaOey tract of the Sai-^tra at some distance to the soath-west 
of Nagano. 

The city of Nagano siifioml vovy scvei-oly, and was almost 
otifircly (Icstroycil liy Un- shock ntid tlic stiltse([U('iit lires ; the 
uiimber of the lnuisos overthrown being, in the Umn or business 
quarters alone, 2350, of which 2194 were burnt. In Nagano and 
the suburbs, there were altogether 2,45S houses destroyed by fire, 
there being only 191 houses which escaped both shock and flame. 
The number of the kiUed, which could be ascertained, was about 
'3,400 ; this heavy amount of casualty being, in a great measure, 
dnc to the fact that the disastrous earthquake took place when 
nuiltitiitle of people from dificrent paiis of the country wei-e staying 
at Nagano, to attend the religious festivals held at the Zeiikoji. 
The latter, which is one of the most sacred Buddhist temples in 
Japan, raceived no material damage from the earthquake, although 
the huge wooden structure must have been shaken tremendously, 
as was indicated by the throwing down of a heavy bronse bell, 
about 2.6 fieet in diameter and 3.0 feet in height, hung in the 
front verandah. Fig. 3 shows the lower poiiion of the l)ell and 
the scar made on the corner post by the impact of the latter; 
while iig. 2 gives a front view of the temple, which is in the 
same condition as before the great earthquake of 1847. Both of 
tliese pictures have been taken in 1908. 

A special feature of the Zenkoji earthquake was the occur- 
rence, among the mountains of tertiary formations, of landslips 
whose nnmber was not less than 44,000. Amongst others, the 
southern side of Mount Iwakura, which is on the Sai-gaira, at a 
distance of about 12 km to the WSW of Nagano, was destroyed. 
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Tig. 1. Ibp alioviiig tbe Anas of Dertmotive Motkm 
of fthft Zenko^ and BAojo Eaithquakes. 

A . Si\n}<} Enrthqiiixke of IA'28. (Amt of diatiaotiTe matiua). 
B ■ ■ ■ . UzbD Aod HwU) EurtlM^unko uf 1833. 

C .... Zaakcdi BMtdiqaaka of ia47. (Tte MgMly abwisA pvl iadiaiftM 

the itren of (loHtnicHvo ri'ition. Mid tha ilnmiwly irlmfTfl put fha 
are* uf the greatust violuuue.) 
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Tiii. •(. 'rh<> Zonkoji Tcnii>]e. nbowing the Hcnr (iDilicntnl hy n Riunll cTvm x ) nuulo un tlw 
itxner i>ot«t by the l>ell thrown iIowd un the occnsioa of the enithqnake of 1M7. 
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mnlting in two gi^uitic landslips which completely blocked 
the courm of the above-named river for 20 days, and formed a 

lake 34 km m Icii^^th und 1 to 1.1^ km in width. Tliu Wiitcr 
linully broke the two t nonnous duias, and lluodcid over tlie regions 
along the S&i-gaica and Shiiiano-j^atra, sweeping away a large 
number of the hooses which escaped the destruction from the 
shock. The loss of human lives was. however, small, as due 
praparations had previously been taken to meet the em^^^ncy. 

8^ San jo (ISchigo} eartJiquake^ The Sanjo earthquake 
took place on Dcxj. 18, 1828, at about 8 am. The aica of dostme- 
tive motion was an ellipse, 5Uxl7 km, along llic lower course of 
the Sliinano-f7a<ra ; tlic most central point of the meissoseismal 
region being between the towns of Sanjo and Imamachi, at about 
f rrS?"* 35' N, ji= ISS"* 56' K (See Fig. 1.) The total amount of the 
casualties was 1,443 killed and 1,749 wounded, wliile the numbers 
of the hou8(» entirely and partially destroyed wei-e 9,808 and 
7,27(» respectively, beside the l,*i04 burnt. Among the tciwus 
severely affected were Saiijo, Imanmchi, Mitsuke, Yoita, Tsubanus 
and Nagaoka, the fh-st four liavlng been almost entii'ely deiitroyed 
by tlie shock and the subsequ^t fires. 

4. Vxe»h and Sado earthquake. The earthquake of Dec. 
7, 1833 (4th year of Tenpo), at about 4 pm., was destructive in 
the island of Sado and along the coast districts of the province 
of Uzen. Tli«> amount of the casunliies was coin]) natively slight, 
the loss of hves being about 38, in Uzen, due to tlie ti<unatui, or 
tidal waves, which followed the eartliquake. Tlie centre of tho 
latter was submarine, its approximate postion being f=38°35' 
jl==130''10'E. (See Fig. 1.) 

5. MetaHan of the ZenJu^l earthquake ta the two athet^ 
The Sanjo earthquake took place 1 8 years 5 mouths earlier than 
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the Zeukoji eartliquake* the meiBOseisxnal zones of these two sliocks 
running in nearly the same direction, namely, N40^E-S40°W. 
Further, the northern prdongaiion of tlie line connecting the centres 
of the two distnrbanoes passes approximatdy through that of 

tilt' Sarlo-Uzcn oni'tlu)imkt'. It is extremely probable that these* 
tliKc large eartlitjuukes belonged to one and the same system, 
namely, the seismic zone foimed by the Sliinano-^au'a valley uud 
its northern prolongation. Apparently the stress reached a maxi- 
mum limit along tlie whole extension of tliis zone,., so that the 
8anjo earthquake occurred first at the middle, followed & years 
later by the Sado-Uzcn earthquake to the N£X, and again 13 
years 5 months later by the Zenkoji cartluinake to the SW; 
the two successive distujiccs of the centres of the three earth- 
quakes lieing encli equal to aluiiit 11" km. 

6. delation between the fortner destructive ami tlie recent 
strong earfhqitakes in the Shinano-gawa vaUey, As discttssed 
ill the Builelin, Vol. I, No, 3, there were five strong semi-destrue- 
tive eartliquakes, wliich occurred along the Shinano-^aM^*o, lespec* 
ti>-ely in tlie years 1886, 1887, 1890, 1897, and 1899. The lino 
connecting their centres has been taken as defining a seismic 
zone, which extends from the Koshi county in Kchigt* in the SW 
dii( ( ti(t!i to the vicinity of Nogano, thence turning towards the 
south to tlie vicinity of the lake of Suwa. The upproximate 
positions of tlie centres of these live eartlKjUfdvC's are indicated 
by the numerals 1, 2, 3, 4, and 5, in Fig. 1. From the latter, 
it will be observed that the zone of the recent strong shocks is 
in reality identical with that of the historical destructive earth- 
quakes. Further, the recent disturbances, Nos. 1 to 5, onginate<l 
along the zone in question at Ihubc points, which arc outside the 
area of destmctiv© motion of the fcJaiijo earthquake and the meizo- 
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seismal region of the Zeakojt earthquake. This tact is fully in 
aceordanoe vith the principle that great seismic shocks never 
occur at one and the same centre. 

7. l>estrueHve earthquaks lUong the Japan Sea o&aat* 

The following is the list of tliG lar«!;or dostmctivo earthquakes,"' 
which happened within the ]fi(it 2\ centin-ies, ou or off the Japan 
Sea coast and along the Shinano-yawa zone : — 

1. Noahiio Eqke (pnnH(iUM ol Ugo) ; Jniie 19, 1694> at 7 A.M. 

2. luaba, Hoki, and Mfmiwtftlrft Eqke ; Mttroh 19, 1711. 

3. 8ado and Noto Eqke ; Aug. 1, 1729. Accompanied by Uttmini. 

4. Taktita Ecjko (province of Echigo) ; May 21, 1751, at 2 A.M. 
."5. Ilinosaki Eqke ( „ „ Mntsu) ; March 8, 1766, at 6 P.M. 
fi, Kaga E<|ke ; Juno 29, 1799. Accompanied by fsmann. 

7. Ogi "E(jke (Island of Sado) ; Dei% 9, 1802. at 2 VM. 

8. Kisagata Eqke (provinces of Uzen and t/go) ; July 13, 1804, at 
1(1 P.M. 

9. Sanj.j E<ikG (Kcbigo) , Dec. 18, 1828, at .S A.M. 

10. iSulo and Uzen Eqke ; Dec. 7, 1833, at 4 P.M. Accompanied by 

11. /enkoji Eqke i Slunaiio and Iv-higo) ; May H, 1847, at 9 P.M. 

12. iraina<lu Ki|ke (Iwnini); March 14, 1872, in the ereniug. 

13. ^■oto l lqkHs ; Dec. 9 uud 11, 1892. 

14. Sakata l':<ike (Uzen and Ugo) ; Oct. 22, 1894, at 5 P.M. 

Of the above 14 earthquakes, Nos. 1, 4, 5, 8, 9, 10, 11, 12, 

uud 14 were much larger than the remaining five. Again, tlio five 
earthquakes of Xos. 1. .'), 9, 11, and 14 originated inland, wliile 
the 7 others, namely, Nos. 3, 4, 6, 7, 10, 12, and 13, originated 
imder tlie Japan Sea. The origins of tlie two remaining eai-th- 
qnakes, Nos. 2 and 8* vreve probably also submarine. The relative 

* Hoidaiiilo anA Fomoah esM^tod. 
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positions of the origins of the different earthquakes aie diagra- 
xnaticallj inusti-ated in Fig. 4, (PI. XXXI.) 

The 14 earthquakes tabulated above may be divided, so far as 

tlu'ir time distribution is coucemetl, into the following 5 groups : — 

Group I. 



No. 2. huha. Hold, and Mimuaka Eqke. 

Now 3. Nob> and Siido Eqkn. 

Na 4. Takata Eqke 

No. 5. Hinwaki Eqke 



Group II, 



No. 7. Ogi 

No. 8. Kisiigatii 



Group III. 



No. 



Group I V. 



No. 12. Hamada Eqke. 



YflKT 




1604 


... .Xl 


1711 


....1» 


1729 


,..1.82 


1751 


15 


1766 

1 




1799, 


1 3 


1802 


2 


1804 




1828 


6 


1833 


. ..14 • 


1847 




1872 





Group V. 



Na 13. Nolo Eqke. 
Na 14. Sakftta „ 



1892 
1894 



j.,.,2 



The five eaitliquakes in Group I occurred with a tolerable 
regularity, the average interval being 18 years. On the other 
hand, the thi^ earthquakes in Group 11 as well as the. tliree in 
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Orotip III oecorred at short intervals ranging from 2 to 14 years; 
while the interviU betvneen the Ist earthquake of Groap II and 
the last of Gronp I was 33 years, and that heiwem the Ist earth- 
qua k<' of Group III and the last of (iroup H \vas 'J4 years. Again, 
the time intenal between the eiirthqiiake of (iionp IV and tlie 
last one of Group III was 25 years. These facts seem to favour 
the snpposition that the three earthqoakes of Saiyo, Sado-Uzen, and 
Zenkoji really belonged to one and tho same seismic zone both 
geographioaUy and in time distribation, as explained In 1 5. All 
the other eartiiquakes, with the exception of the Sakata earth- 
quake, belon«red to the Inner Seismic Zone, whic h runs nearly 
IHuallel to tlie concave side of the Japanese islands.''' The Sakata 
earthquake probably belonged to another system.! 



• See llt^ '■ BnlleHn of the Imp. Earthqimko Inv. Com.". Vol. I, Xo. 2. 
X Tho Sakatu, Kika*U, and Hftdiinotte emtlvximkes luve been ably Ktudied bj l*tof«>MoiH 
KolOk YniHuM. and IiuKiiMmi, ngpedinHj, 
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the Duration of the Preliminary Tremor of 
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In the Jour. Sc. CoIL, Tokyo Imp. UniT., Vol. XI (1899), 1 
have given, for the lelation between the duration (— ^) of the 
preliminary tremor at an observing place and the epicentral 

distance (=x) of the latter, the folk)wing equation : — 

7.61 24.9*" (1) 

This tHjuation was, in the pHbUcal'uma of the K<ii fli<jiiake Jnccsliyu- 
tion Committee^ No. 13 (1903), slightly moditied into the following 
form : — 

km m-c km 

X = 7.a7y + 38 (3) 

Both of tiiesi' e«jnations, which have boon deduced from the obst^na- 
tions of the eartlKjnaki s of x lesH than 1,000 km and, with a few 
exceptions, greater than 150 km, can not be applied to the cases 
of very near shocks, say, of x less than 100 km. With a view 
of obtaming a provisionary formula for the cases of smaller x, I 
have examined some of the sdsmograms obtained at the five 
Formoean meteorological observatories of Taihoku, Taichu, Tkinan, 
Taito, and Hokoto ; the results being briefly stated in the following 
paragraph. 
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The eaiihqnakeB taken into consideratioii were the four destrac- 
tive shocks in the years 1904 and 1906* which I have specially 
studied and the positions of whose origins may he supposed to be 
fairly accurate. The observations were made with Omori hor- 
izontal pendulums of 6 to 10 times magnifications. The following 
table gives for each of the 4 shocks, the date and iKisitiun of the 
origin of disturbance, and the epicentral distances and the dura- 
tions of the preliminary ti'emor at the different stations. 



Date of Eqke. 


Station. 


Drmition of 

ssjf see. 


Actnal Epicen- 
tnl DkUnoe 
B2 km. 


Position of the 

nUnilMiioe. 


April H 1904. 


Tailioku 
Taicha 
Taito 
Hokoto 


28.7 
11.4 
12.8 
12.7 


221 
96 
96 
90 


\<f= 23°20'N 
1 ;i=120*24'E 


November 6, 1904. 


Taihoka 

Taiclin 
Taiiiiin 
Taito 
Hokoto 


28.8 
11.2 

8.3 
15.5 

9.0 


202 
76 
64 

117 
86 


(c= 23°30'N 
U»120<'26'£ 


Match 17, 1906. 


TaiJioka 
Taichu 
Tainan 
Hokoto 


27.6 
9.0 
8.7 

11.5 


188 
65 
75 

101 


if= 23*35'N 
U»120<»32'E 


April 14^1906. 


Taihokn 
Taioha 

Hokoto 


30.6 
12.0 
8.6 

ia.0 


210 
88 
63 
98 

1 


jislSO^SO'E 



• Ses the -Ballfltm of tha Impetial Etttbqmkft Im. Cea/L," ToL ]. N(m 4; 
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Arranging the epicentral distances, which varied between 53 and 
221 km, and diytding these conveniently into 4 groaps, we obtain : — 



X (ftotual) 


If 


X calcolatdd 
by eqnatioii (8) 


221 km 






210 


80.6 




203 


28.8 












88L9 


206 


117 


15.5 




101 


11.6 




OA 






98 


11.4 




98 


12.8 








96 


90 


1-2.7 




88 


12.0 




85 


n.o 




76 


11.2 




75 


8.7 






10.7 


81 


65 


0.0 




64 


8.3 




63 


8.6 






ae 


67 









The relation between the mean values of the epioentral distance 
and the doration of the preliminary tremor given in the preceding 
table is graphically shown in the accompanying figure (PL XXXII). 
Assuming a linear equation between x and y and detennining 
the constants from the four sets of the mean values of x und 
we obtaiu ; — 

= 6.86 jT" + 8wl»». (3) 
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The figures given in the last column of the preceding table, tvhich 
have been calculated by this equation, agree closely with the 

actual distuiices. 

Equation (3), which may bo used under tlie conditions 

50 km < » < aboat 200 km, 

seems to be more con\eiiioiit for tlie cases of near earthquakes 
than Equation (1 ) or liiiuatiou (2) ; the distances calculated by 
the two last equations being, for a small value of generally 
laiger than the oorresponding actual .r. 
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Earthquake Distributions in Formosa. 

By 

F. OMORI, Sc. D., 

Member of iho Imperial Earthquake luvestigatiou Committee. 

Witia Fla. XXXZU wad ZaEXEV. 

CONTENTS. 

1. lotruductiou. 
} 3. BufhqiMktt fraqnenoy in 19M. 
% 3, Eaitbiiialw CMqaency in 1901-1907. 

t InXTQduetUm, The meteorological observatory of Taihokn 

was lirst oj)ened on Aug. 11, 1890, and the six other observatories 
of Taichu, Tainan, Taito, Ko.sliun, Hokoto aud Iveelimg, were 
(»sfal)lished in the course of the next five years, namely, between 
1807 and 1901. The yearly utuubers of sensible earthquakes 
recorded at these seven stations, which are now famished with 
seismdo^cal instruments, were as follows : — 



TABLB I.— YEARIiY NUMBERS OF SENSIBLE ZIARTHQUAKSS 
RECORDED AT TSB DIFFERENT METEOROLOOICAL 
OB8BRVATORXE8 IN FORMOSA. 



^^^^^^^^ 8tiitioii« 


IMbokti. 




Taiau. 


lUto, 




Hokato. 




1890 


















7 


3 


9 






1 




1898 


17 


5 


4 




3 


2 




1839 


9 


10 


4 




5 


2 




lOiiO 




:( 


4 




1 


2 
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TAB&BZ. (Qua.} 



Yeot. 


Tlajhokn. 


Tnichn. 


Tnirian. 


Tnito. 


1 

KiiHlmn. 


Ilokoto. 




I'JOl 


13 


4 




** 


1 


2 




ia02 


13 


10 




12 


■) 


5 


n 




7 


14 




117* 


7 


i> 


7 


IJW 


u 


10 


•J 


8 


4 


U 


5 




12 


2i 


H 


:ri 


3 


4 




I'JUIl 


10 


40* 


42* 




11' 


lU* 


4 


iao7 


11 


.0 


11 


6 


(i 


11) 


r> 


If eon. 






" 1 


1-2.0 


3.9 




S.5 



The large yearly number for Taito in 1903 was due to the 
affcer*shocks of the strong eartliquake of Sop. 7 of the same year. 

Similaily, the high seismic frequency in lOOG for the diflercnt 
.slutiuii.s, except ruihoku »tn<l Kceluti}^, were due tv the aftej ■ 
shocks of the destructive eurthquakos of March 17th ami April 
14th in that year. These numbers, each marked in the above 
table by an asterisk, have been excluded in deducing the average 
values, Tvhich may bo regarded as approximately giving the fre- 
quencies of the sensible seismic disturbances in the ordinary 
year for the seven inott'orological ol)servatori<*s in question. It 
will be noticed that Ihi.s frequency was about lU, namely, 8.8 to 
12.0 for Taichu, Tuito, Taihoku, and Tainan, Imt Hinaiier and 
equal to about 4 for Koshun and Hokoto, and 5.5 for Keelung. 

The earthquake numbers, as above described, give, however, 
no adequate idea of the earthquake distribution for the whole of 
the Island. In fact the greatest seismic activity is displayed in 
le^jdous at some distances from the diflercnt mcteorolo<^ical observa- 
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toiies, namely : — (1), iii tlie vicioity of the city of Kagi, which 
is sittiated in the south-western part of Formosa and midway 
between Talchu and Tainan; and, (2), at the central and northern 
parts of the eastern coast and at the very southern extremity of 

the IslaiKl. <iieat credit is duo to Mr. H. Kondo, Director-general 
of ihv I'nrniosa ineteorological observatories, who iiistitut(Kl in 
1J)07 a general system of the obsenation of the precipitution by 
establishing in different parts nf tlic Island nearly 80 stations 
fuiiushed with rain-ganges, £acU of tiiese stations sends in 
regularly to the Meteorological Observatoiy of Taihoku the monthly 
weathei- i-eport, giving amongst others tlie notices of the earth- 
quakes felt. The following table, compiler] from these matenala, 
indicates the mnnl)ers of the sensible shocks in different parts of 
Formosa during the four years fi-om luol to 1007. 

TABLE II. YKAiU.Y MUMBBRS OF £AKTMQUAK£i3 r£I>T AT THB 
DIFFBRBIIT MBTBOROliOaiOAIt OjBSBHVATOBlBB AMD 

sAor-oAxraxi STATtoaa at roBMOSA. 

UM-IWV?. 





StutiiMi. 


Yew. 


1801 


1«» 


1806 


1907 










Tenaobi 


» 


10 


H 


10 


3t 






u 


Giaub 


19 


19 


93 


41 


79 


« 


If 


n 


Bitohakn 


9 


3 




9 


7 


it 


n 


A 


akShnryolD (KMlnoR) 




5 


i 


e 


9» 


X' 




It 




1 


1 


i 


3 


5 


It 




m 


Kiiijiiiri 


(1 


7 


i 


2 


<.) 


i> 1 


% 


ffj 


Fiikiknkii 


1 


1 


■I 


1 


:) 








IMotlJiDgid 


1 


1 


I 


0 


2 




i& 


m 


















m 


SdiitBi 


« 


7 


8 


0 


91 



i^iyui^LU cy Google 



Fnitliiniiifct DktribntiotM in nmncM. X51 



^---^^^ Year. 

SMkn. ^"^""^---...^^^ 


ISKM 


]ao5 


1906 


1907 


Hum. 




He 


JB 


BjotiBbi 


1 


0 


5 


9 


4 








HeldtBi 


1 

M 




m 




It 


m 








0 


0 


5 


0 


5 


m 


R 


« 


Chgonifeo 


9 


4 


14 


7 


90 


M 




— 


-mm mm m 


9 


19 


10 


11 


4( 


a 






Sunhunto 


•> 




3 


1 


. 

1 


J* 








•> 


I 


2 


A 


7 


1^ 






IMmken 


I) 


I) 


4 


3 


3 








Sinkftknyo 


1 


1 


3 


3 


5 


0 


rv 


AM 


lIukiiNbiiko 


y 


1 


5 


Tt 


IH 




m 


p 


TnikokD 


1 


0 


9 


0 


1 






m 


KaniMibo 


s 


4 


5 


3 


g 


ft 




m 


Nai Willi 


11 


H 


9 




1"J 


m 


HI 




Jukiriii 


7 


H 


24 


la 


3t 






it 


•"^hiiu^luko 


2 


U 


1 


2 


4 






IE 


Kimdio 


0 


0 


3 


1 


1 


« 




m 


1^«giilni 


4 


3 


6 


0 


7 






m 


Tnko 


1 


9 


14 


9 


& 






m 


BUiiniii 


1 


0 


19 


S 


0 




m 


m 


Eoriabo 


9 


0 


15 


1 


9 








•Tiidiii 


10 


94 


40 


10 






ft 


m 


fkiHflirjfD 


3 


5 


« 


0 


e 


* 


it 


m 


Hokkolni 


1 


0 


4 


3 


4 




M 




HocUhft 


4 


7 


14 


4 


15 






«t 


Xanlo 


■ 

9 


19 


14 


4 


95 
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Yenr. 


tnAii. 

Lmn 


AVUw 
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it 
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Hlukto 


- — - 
(i 


18 





9 


33 


»»; 
1 • 
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20 
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:j 
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5 


13 


2 
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8bobADteii 
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it 


2U 


a 
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15 


A 

D 


91 


ll 


w 
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m 


Doho 


13 


12 




6 


30 






« 


SeimojQ 


fl 


18 


— 


36 


«0 


It 


n 




ddkatok 


3 


» 


— 


«a 


K7 


m 




« 




a» 


as 




19 


77 






tt 


TatsoiuMlia 


2 


8 


— 


4 


R 


» 




n 


Koikn 


S 


ft 




10 


2:> 


11 




ft 


EoBttiko 


6 


2 


— 


0 


ft 


It 




« 


ZentnUto 


10 


14 


110 


22 


&3 


— ■ 




- 


GotaibD 


8 


7 




96 


41 












12 


H 


— 


5 


. ■ 

25 








KuRt-II 




4 


24 


0 




± 
IR 
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m 




n 
» 


1) 
IH 
« 
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2. JEartii^iuake fireqweney in 1U04, The seismic frequency 
during the year 1904 at the different places in Formosa is shown 
in Fig. 1 (R XXXIIl). From the latter there are seen to he 
fonr principal rcfiions of soismic activity, as follows : — 

(a) A nnnrly north-soutli zone, exfcpnding iu tlif soutli westorn part 
fi-om tho viciiiitj of Slutto aud Toioku to that of BauBhorxo. 
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(h) ^'icinity of Giran, noav tho nortliorn oud of the enstent oonst. 
(r) 'Hh-i oastnru coast, betweon Knrcnko nnd Seiko-o. 
{d) A ItmiUxI portion abont Cape Oara&bi at the southern eattramtty 
of the lalaad. 

Althougli Fig. 1 is a map showing tlie seismic frequency and 
therefore does not necessarily indicates the distribution of tiie 
origins of disturbances, the /x)ne («) seems on the whole to coin- 
cide with the main longitudinal earthquake zone in the south* 
western part of Formosa.* The northern prolongation of (a) passes 
approximately through the local centres at the vicinity of Jokirin 
and Taihoka and that of Haknshako at the north-western end of 
the Island, {b), (r), and (d) Ix^long ])ix)bably to a continuous zone, 
their higher .seismic freiiucnoics hciug due to the disturbances 
which occur along or off tlie eastern coast. 

3. Earthquake fregueitcy in 1904-1907. To obtain a 
general idea of the seismic distribution in Formosa for the interval, 
1904 to 1907, I give in the last column of Table II the sum of 
the earthquakes recorded during the three years 1904, 1905, and 
1907 ; the frequency for the year 1900 having been excluded on 
account of the gieat numl>er of the after-shocks of the destructive 
disturbance, which took place on Miirch 17th of that year. As 
is illustrated in Fig. 2 (PI. XXXIV), the principal centres of tlie 
seismic activity, in which more than 50 sliocks were felt during 
tho 3 years in question, wero as follows : — 

(A) Kngi niul tho vit-iuitj-. 

(B) The vicinity of Giran. 
(C7) „ „ Korenka 



* S«e F. Omtiri : " Pruliinifuiry RaiKnt on fbe Pcfmcm EMit]ii[DnliiB fd Uudi 17, 190C." 
Tbe JitUUtin, Vol. I, Nu. i. 
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(D) The Tidnity cf SoBshiBlia 

(E) Gape Gaxaabi 

In broad features, Fig. 1 is similar to Fig. 2, and the local 
centres denoted by (a), (ft), (c), and (d) in the preceding § are 
rospoctiyely identical with (A), {B), (D) and (£), here described. 

(B), (C), (/)), and (/i) may be regarded as fonning a seismic zone 
wliich is situated on tlie eastern sido oi" the axis, or main monn- 
iaia cliaiu, of Furniosa, passing along the longitudinal valley 
separating the latter from the Taito coast range.* (A) forms the 
most active seat of seismic disturbances of inland origin. 



* See mIbo the nest Article. 
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con^t of tlic Tiflftii^- 
§ 8. Attta'-sinji kH. 

1. Introduction** Tlio disastrouti eaiiiiquakofi in FormOBa 
generally' occurred in the densely populated aonth'westem part 
of the Islandt where the ground is flat** The diflerent places on 
the eastern coast are also by no means free from the visitation 
of strong sliocks, although the amount of the seismic damage was 
there ahvuys iiisi.miificant. The latter circumsiitiice is proliably due 
to the mountainous nature of these districts and the scarcity of 
inhabitants, tlie seismic distuibancos occurringt in many case^, 
under the ocean. The following three earthquakes wero the 
strongest fdt in the recent years along the I^ific side of Formosa. 

* TUe timcu iire all given in tlie Ixt Normnl Jupuu Time, or thiit of longitutlo 135" K ot 
GreeDwiob. 

** 8«o wy inpor on On JFbnmw onUiqiiakc of Unidi 13. 1906. Tbo JMTafbH VoL I> No, 2. 
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(a) Girmi Eqhe of June /• 1901 ; at 9h OSm am. The shock 
which was quite local, was felt strungly and caused some slight 

damage at the town ol' Giiaii and thu vicinity : — 

GicMi. 5 or 6 hooiim bod mud wuite cracked, and a few toA tiles 
thrown down. 

ShcAei. One hoose had the xoai diuuiig^. In one case, a mnd wall 

was tluown out of the verticaL 
TyA<*|ifr"JM^ 6 houses alifj^iiy damaged. 
SuiheohyaktL 66 native booses damaged. 
Tidkakan. One native Looao destroyad. 

This caitlKiuakt', which was not felt at Tait<> and Koslmn, was 
ditjht at Tuinaa and Hokoto, moderat^i at Taiboku, and drong 
at Taichu. 

(6) TaUo Eqke of Sept. 7. 1903 : at 4h 14m jm, Tlio 
disturbance was Mt strongly at Taito, where 92 after'shocks were 
recorded in the course of the following 30 days. No damage 
yfa» done, the origin bang sub'Ooeanic. 

(c) Karenko Kqkes of Aug. 26 and 28, 1905. The earth- 
(jiiako of Au<i. 2G, wliich occiUTod at about 41i 52m pm., was 
felt slightly at Tailioku and Taichu, but insensible at Tainan, 
Taito, Hokoto, and Keeluug. It was, however, strong at Karenko 
and was followed by several minor shocks. The earthquake of 
Aug. 28, at about Ih 2Sm pm., was much severer, causing at 
Karenko partial destruction of ono ware-house and 6 native houses, 
besides some damage to two houses in Japanese style. This 
shock was also very local, the urea oi' isevcre motion being limited 
only to the immediate vicinity of tlic above mentioned town. At 
the Gozicnjo, about lU km to the south-west of the latter, the 
motion was strongly felt but caused no damage. At Basshislio, 
about 42 km further on in the same direction, the intensity was 



Digitized by Google 



158 F. Omori : 

slight. Tho Tnotion was sensible and slight at Taihoku, Taicho, 

and Taito, but was insensible at Tainan, llokoto. and Keelung. 

The earthquake of Jan. 11 of this year, wiiicii i»n^^inatcd near 
tho towns of Bokusekikaku and Basshislio in the Taito prefectui-c, 
was tho strongest felt in the Island sinco tho dostractivo shocks 
of Kagi in March and April, 1906. 

£art}tquake of Jan. n, igo8. 



3. Time of eeeurrenee* The observations at the different 

mctcoroloj^ical observatories in Formosa were as followh 
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The observations at the 5 stations of Toichn, Tainan. Taito, 

Kosliun. and Hokoto, were cacli made with an Oniori horizontal 
]>oniluluin of (i tiniLs inaLniilii'alion ; Tainan ln'inir hIso fm-nisliod 
witii an oixliuury (Jray-Miine-Ewing tyjx; maero-sei«nio«^aph. At 
Taihoku the pointer of the horizontal pendulum, of 10 times 
magnification, got out of the smoked paper soon after the com- 
mencement of the shock, and the duration of tho preliminaiy 
tremor at this place estimated from the macro*Beismograph record, 
namely, 18.8 see., seems to be too short. Karenko liad no seismolo- 
gical instrument, while Keelung had simply a macro-seismograph. 
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The times of the oarthquake occurrence at the diflfercnt stations 
are only appnndmate, except tliat at Taihokn ; the probable time 
of occurponce at the origin itself being about Oh 35m 00s pm. 

8. Area of diHurhmnee, The earthquake was senaible all 
over Formosa and in Hokoto (Pescadores). The shock was 
also felt slii^htly at Ishigaki-jima (L^nikyu) at an cpicentral 
distance of ul)()ut :102 km, so that tlie radius of the urea of 
sensible motion was probably a little over 300 km. As shown 
in Fig. 2, (PI. XXXV), the land area of moderate and strong 
motion was, for Formosan shocks, unusually laige and had a 
length and breadth of 210 and 100 km respoctiTely ; the longer 
axis being in the diiedion of NEN and SWS and coinciding with 
the Taito longitudinal valley. Within this area, whose western 
boundary was formed by the line joining the dties of Toroku 
and TaiiuiTi, jvtiidiiliiin clocks were generally stopped. According 
to Mr. H. Kondo, who Imj^pcnod ir> ho nt Karciiko at the time of 
the earthquake, the motion there was strong and lasted 25 
seconds, causing the houses to be shaken considerably, although 
no damage was produced. At Karenko there wore some after- 
shocks andy/nart. 

Tho area of severe motion, within which seismic damage 
was done, included tho villages of IV)knsekikakn, Siiibi, and 
liusj^liislio, foiiiiing prubably an ellipse of leiiLrtli and bi'cadth re- 
spectively of about 75 and 50 km. According to the reports from 
the different rain-gauge stations, tlic shock was preceded or ac- 
companied by sounds, in tho western half of the Island, at the 
four places of Suiteiryo, Nanto, Doko, and Soimoju, where the 
intensity of motion was moderate or slight 

4. Earihquake damage. The villages of Boknsekikaku 
and Basshisho are situatctl among the districts inhabited by tlie 
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aboriginal tribes, wliose dwellings arc of the simplest construction • 
with thatch roofing, and do not show signs of seismic damage; 
thero being only a very tew houBea of "dokaku," or mud oon* 
straction, prevalent among the native (old Chinese) popnlaiion of 
Western Formosa. l?o these oircnmstances was partly due the 
small amonnt of tho seismic damage to the buildings. There 
were at liokusekikaku and .Suibi three old houses totally over- 
thrown, besides a number of the cases of partial destruction. 
Still there is no doubt tliat the intensity of motion in the 
cpicenti-nl area was much smaller than that on the occasion of 
the Kagi earthquake of March 17, 1906. At Suibi, the *'byo" 
(native temple), the only d^haku building in the viUage constructed 
some 5 years ago> had its back wall entirely thrown down, 
while the damage to the fNmt side facing SSO^E was limited to 
cracks of the walls and the falling down of some roof tiles, 
(See Fig. 3. PI. XXXVI). The walls of the sul)-|)iof('etural oftirc 
at Bokusekikaku were much cracked, but tlie plasters did not 
fall down. The dokaku house of the chief official of tho village 
of Chuka, constructed in tlie preceding year* was only cracked at 
the junctions of the walls. The newly built Bub>prefectural office 
of SeikO'O was practically undamaged, except some slight separa' 
tion of the timbers and walls. 

Some landslips were caused by the shock in tlio vicinity of 
Basshisho, Suilii, Bokusekikaku. iind Siuigcnya ; }>ai't of the water 
of the river Shukoran-kei liaving been temporarily stopped by the 
falling of a soft rocky cliff. At a place ajbout 2^ km distant 
from Basshisho and among the valleys oi the* central mountain 
range the stream waters were from a similar cause stopped for 
a few days. Again, at Bokusekikaku and Chuka tho ground was 
cracked, in some cases to a width of 1 foot. 
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A, Approximnte pMttfoH of the earthquake origin* The 

opioontral distances of tlio four meteorological observatories of 

Taito, Koshiin, Tninnii, ai\<l Hokoto, calculated by Equation (3) 
given on page 14r> of this Xunibor, from the dumtions of the 
preliminary tremor, are as follows : — 



. ■ Epiceutral Disianoa ^ 



Tftito 

iilt Jlllll 

Hokoto 



108" 

138 
167 



Drawing on the map of Formosa (Fig. 2), four circles about the 
different stations as centres and with radii respectively equal 
to the calculated epicentral distances ^ven in the above table, 

wo find tliat their points of intorsoftlon are near each other, en- 
closing a small quadrilateral in tlio vicinity of Bassliislu>. Taking 
also the isoseismnl lines into considetation, the approximate ix)si* 
iion of the epicentre, marked in the figure by a small cross ( x ), 
seems to be at about 

If = 23* 37' N, 
I a = 12P 15' E. 

The epicentre thus located is abont 52 and 96 km distant re- 
spectively from Karenko and Taito, being nearer the former by 
44 km. \<»\v. bv ii curious coii.eidencc, it Impju'infl that one 
Mr. Wakainatsu, in j4io service of the post office at Taito, 
happened to telephone to Karenko just before the occurrence of 
the carthquako in question. He received t<x answer the informa< 
tion that a strong earthquake was taking place at Karenko and 
was requested to wait for a moment; some noisy sounds being 
siniulUneously peicciYcd Llnuugli t!ie telephone. After a short 
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time ,mt<?rval, wliilo ho was wondorini: what was tlic matter, a 
sirong ehaking began to be felt also in Taito. This ciroamstance 
illastrates in a practical manner the foot of the transmission of 
the seismic waves. As the propagation velocity of the vibrations 
composing; the principal portion of the eaHhqnake motion is about 
3.3 km per sec, the time (liflTerence between the occurrence of 
the shock nt Karenko and that at Taito would have been about 
13 seconds, lor iho distance dillerencc above assumrd. 

6. Jielrtflon of tfie earthquake of Jan» IJ, ViOS to that 
of March 17, IfPOS. The cause of the disastrous Kagi caiih- 
qoake of March 17, 1906, was the formation of the Baishiko 
and Chinsokuyo faults, in the main direction of west-slightly- 
south and east-slightly-north, over a distance of 13^ km from 
Baishiko on the east to Dabro on the west. It was further 
pointed oul, lirstly, that the fault was jirobahly coiitiiiuod west- 
wards to the vioinity of the town of Mmiko for a furtlier distance 
of about 12 km, making up a ien*;th of 2')^ km; and, secondly, 
that this latter length corresponded only to the western half of 
the line of dislocation and the eastward continuation passed among 
the mountains fbr a further distance of 20 or 25 km, the total 
extension of the t&uit being some 50 km.* 

From the map (Fig, 2), in which the western and the pro- 
bab]«' eastern halves of the ahovo mentioned fault are indicated 
respi'c Lively by thick fall and doted lines in red, the further 
eastward prolongation of the same line of disturbance seems to 
pass through the epicentre ( ^ ) of the Bokusekikaku and Basshisho 
earthquake of this year* My supposition is that the latter shock 
was a continuation of the Kagi catastrophe of 1906, the forma- 
tion of the fault having been (nctended eastwards. 

• SfC llic IhtllrHii, Vol. I. Xo. L 
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If tho above supposition be correct, the process of dislocation 
must have proceeded downwards in the eastward extension, as 

the focal depth of the Bokusekikaku and Basshisho earthquake 
was evidently j^reat. The intensity of motion in tlic assumed 
epicentral district was not "greater than in the case of tlie very 
local Earenko shock of 1905. 

7* Muiual reUtHon of the different etrang earthquakes 
aieng the eastern coast of the Jsiana, The back bone of 
Formosa, whoso geographical feature is rather simple, is formed 
by the heavy mountain chain, which runs parallel to tho longer 

axis, and is nearer to the eastern 
coast, of the Island. It begins 
in the Koshun peninsuhi at tho 
southern extremity, and takes tho 
N£N direction, till the great 
height of over 3,000 metres is 
readied among the peaks in tho 
vicinity of Mt. Sylvia. Thence 
tho direction of the range is 
turned toward ENE and reaches 
tho sea at tho neiglibourliood of 
So-o; forming the tremendous 
steep cliffs along the eastern coast 
between the latter place and 
Karenko. Mt. Niitaka (Mt. Mor- 
risen) is the highest peak, not 
only in Formosa, but in the 
whole of Japan and attains the 
altitude of over 4,000 metres. 
The eastern side of the main 



Fig. 1. Map of Fornioscu 
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moimtain range, which is much steeper than the western side, 
descends abruptly into a straight longitudinal valley which extends 
between Karenko and Taito. To the east of this valley there is 
along the coast a small mountain i tinge of about 1,000 metres 

height, ealled tlir Tnitit Coast liaii^^c it seems luoliaMe tliat the 
Karenko-Tailo iongitudinai valley, whose northern and southern 
conthiuationji may l>e suiiiKJsed to run ofl the coast, is as explained 
below closely connected with the seismic pheuomcna in the whole 
eastern part of the Island. (See Fig. 1.) 

Again from the mai>s (Pis. XXXIII and XXXIV) showing the 
earthquake distribution in Formosa, it seems that the more fro- 
(juently disturbed regions about (Jiiiin, Karenko, Basshisho and 
IJokusekikaku, Taito, and Oaranbi (southern extninity of the 
Island), belong to a continuous earthquake zone, which runs along 
the eastern coast of the Island, or rather along the eastern side 
of the main mouutatin range. In the northern paili, between 
Giian and Karenko, this zone is probably some little distance off 
the coast, while its middle part, between Karenko and Tainan, is 
probably situated inland and coincides witli the Karenko-Taito 
longitudinal valley. The southern part of the zone, between Taito 
and Ganmbi, is again a litlo distance oil' the coast. 

Now the Bokusekikaku- Basshisho earthquake of Jan. 11, lliO?<, 
may be taken also to belong, t<.»gether with the three previous 
strong shocks mentioned in § 1, (a), {b) and (f), to the longitu- 
dinal seismic zone along the eastern coast of Formosa as above 
supposed. In other wmxls, the stress was gradually increasing 
along the zone in question and prmlucod strong disturbances at 
the ditlerent places, in the following order (Ij, Vicinity of Uiran 
ill the north ; (2). oflT the coast of Taito in the south ; (o), Vicinity 
of Karenko, between (1) and (2), but nearer to the fonner; (4), 
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Tiomity of Bokusekikakn and Basshisho. between (3) and (2). 
(Sec Pis. XXXllI and XXXIV.) For other ctises of the successive 
occurrence of strong or destructive shocks along an earthquake 
zone the ivader is ixforred to the " BulUiin,'' Vol. I, Xos. i and 3. 

8. Aftershocks, At Jiasshisho the number of the after- 
shocbi felt till 10 am. on the following day was 20 or 30, and 
there were several jimn, or oartli sounds which seemed to proceed 
from some distance. At Bokosekikaku there were also a number • 
of after'Shocks. The following is a list of the shocks and sounds 
subsequent to tlie initial disturbance, observed by Mr. H. Kondo 
during his travel in the Taito prefectui'c :— 

(Jannary 1908) 
lltli. KAienko. Slight shook nl 036 and 0.50 pm. 
12th. „ „ „ 0.84 pm. 

13th. GoBSDjix „ 7.30 and &42 pm. 

14tfa. In the Tioioity of GowDjow Jinan at 11.26 am. 
„ Bataaan. Jimri at 7.16 pm. 

« 

„ „ „ „ 0.09 am. 

15th. Baashigho. Sound and slight shook at 0.54 pm. 
u SnibL Soond and dight shook at 8.02 pm. 
„ Slight shock at 8.19 pm, 

. loth. Sangenya. Moderate earthqaake at 6.07 pm., followed by others. 
17lh. „ Moderate shook at 2 am. After the 17ih, the shooka 
became rsier. 

In cunclnsion 1 must express my tiiauks to Mr. II. Kondo, 
wlio have kindly put at my disposal the materials and the results 
of his observations respecting tlie earthquake. 
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1. Jtitroduction. As sUitcd >k»1ow, llu' subinarino earth- 
quakes of May 13, 1908 soern to liavc originiitcd at a point 
l>ct\vecii Cajxj Omnc/^nki (province of Totomi) and the ITachijo-jima. 
The latter is one of tho islandB belonging to tho Ftgi volcanic 
chain, and is at a distance of about 290 km duo south of Tokyo. 
Let us first examine the relation between the activity of this 
chain and that of the "external seismic zone," which runs pa> 
rallol to the Japan arc on the ('aeitic sidc\ 

2. Activity in recent years of the IJi fcfnal Seismic Zone, 
Tht; iiia joi ity of the ik ( iit lar^'or Japan carUKpiakes originated 
from the northern part of the "externa! seismic zone," namely* 
off the eastern coasts of tho Main Island and the Hokkaido, ex- 
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tending in the south to the moath of the Tokyo Bay. (See tho 
BuHeUn, Vol. I, No. 2.) Their fieqaenoy varied of coarse from 
year to year, as will be seen from the following table, which 
gives the annual numbers of the submarine earthquakes, whose 
land area of sensible motion was over 7,000 square rtV* and which /. l^,r 
originated from tho region under consideration. ^ 



TABLE I.-TIIARIiY NUMBBR OF THi! BARXHQUAKBS 
WmOB ORIOXIIATBD OFF IBB XfOiOBmAaSBRir OQABV OP JAPAN. 

SIM of fleiiHttile nwliaiD > IJBM mi. W. 



Ymt. 


Ifomber of tho Earthqnakae. 


1901 


5 


1902 


12 


1903 


6 


1904 


3 


1906 


2 


1906 


2 


1907 


4 



Worn the above table, it will be seen that tho larger earth* 
quakes of the submarine origin occurred 12 times in 190S, but 
were much rarer and had the average annual frequency of 2.8 
in the years after 1904. This rlccreaso of the seismic frequency 

for tho zone in question is also clearly shown by TubU^ II, v,iin h 
gives for the interval of 1892 to 1907 tho yearly numl)er of tliose 
oarth(|uakes, eacli of which was felt strongly, moderately, or 
slightly, along the north-eastern coasts of Japan over a land area 
greater than 4,000 sq. 



. • Iri^'i.* milm or 3.927 kn. 
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TABLE n. YBARIiY NUMBER OF THE EARTHOTJAKES 

WHICH ORIGINATED OFF THE NORTH EASTURN COASTS OF JAPAN, 

An<l wLicli wore oni-b felt idrtmijiji, tHodrratdy, or xlUfJiUy uver 
A Iftiwl oiea gpenlar Oma ijOOO oq. rL 



Ycnr. 


Nmnber of the Earibqitakes. 


1609 


0 




I 

1893 


1 ) 




1894 


5 






1 


k JUtxm 3.6 


189(; 


H 




1897 


8 J 




189H 


1 1 




1899 


2 




1900 


5 


• Mean.. . .3«6 


1901 


4 


1902 


6 1 




190U 






1904 




1 


1905 


i, 




1906 




1907 







According to tlio abovo table, the larcor and >ti(»ngcr oartli- 
quakes occurrcxl ^ nnd tl times lesix^c lively iii the years 1897 
and 1902 ; the avoraj^e annual frequencies during the two succes- 
sive five year intervals of 1893-1897 and of 1898-1902 being 
each eqaal io 3.G. During the last 5 years, 1903-1907, the 
seismic activity was much smaller, the average frequency being 
1.8. Thus it will be seen that the largo submarine earthquakes 
whose origins were near Pacific coasts of the northern Japan 
decide<lly docie!i>oil in iiuinbor ?iinco 1003. It is prohnhle that 
this decrease %Yili continue lor scveml years to come, and that 
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the centre of seismic activity on tlie outer side of Japan will be 
in fntiirc tmnsfcrrod alon<^ the " convex seismic zone " soutliwards 
to the sub-oceanic region off the coasts of Tokaido and Nankaido, 
l)etween the peninsula of Izu and the Island of Kyushu. In the 
mean while, the activity along the Fuji volcanic zone seems to 
liave been increasing diu'ing the recent years. 

3. Recent aetfvtff/ of the Fuji volcanic zone. The S(Mies 
of the islands (see tlic map. Fig. 1) belonging to the Fuji volcanic 
chain has, witliin tlic last a few years, Ix^en unusually active in 
ti^^m^uLjj^^^j^^ho subterranean energy and given rise to 



na in August, probably 
-f 0th. 1902. The total 
1 numl)er, was entirely 
e. 



ERHATA. 



p. 167. Unea 3 ana 2 from bottom. /ir " HtruDgly. mi>lemtoly, or BliRhtly," rewJ thc MiuaUli IwO-jima 
" violently, Rtiongly. or m<xlenaely." 

p. 168. TftbleU. /or 'Htrongly. modemtely. wsURhtly." read "violently. BhoDRly. » 1^04, rCSultiug ill tllC 
or modemtely." i i 4 - 1 • 1 • i j. 

nit 14;) metres m height 



ncinity of the Bayonnaise 
na), in April, probably 
outbursts continue<l for 
aliout one week, a great tpiantity of pumice having l>een found 
flouting on the sea surface. 

As regards the seismic activity, there wei-e, since 1800, fifteen 
larger or stronger earthquakes which originated along the Fuji 
zone islands; the date, time of occurrence, approximate position 
of the origin, and area of disturbance* for each of these shocks, 

• TLe area of iliKtnrlMiiico RiKnifien here the nreu within whioh fh»< motion wn8 fj-lt or 
recnittl«Hl by the onlinary Omy Milne-Kwint; tyjie seismngrrniliR. 
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nuinbered 1 to IC, being given in Table III. The eaitbquakes 
immbered 2'. 3'. 4'. 5\ 6', 7^ 9'. 10', 11'. 13'. 14' and 15', given 
for tbe Bake of comparison, are tiiose "wbicb do not belong to 

the zone in (iuoritiun, but wliich occurrwl witlun a short time 
interval before or after the shocks 2, 3, 4, 5, etc., respectively. 

•SABhE IU.-LIST OF THE I«ARO£lR EARTHQUAKES WHICH ORIQUIATED 

ALona TBB run volcanic zo»b. ia9(U90& 

Eqkn Noi. V. V, 4'. B*. it^. V, V, IV, 11'. 13', 14', and IS^ an dw htgw <ltaliirti«ioM 

'which preceded or followed the Bhofln under oonndemtion. 



Da 


Bnta. 


Approximate Poaition ot 
Ei^ke Ohgio. 


Time of 

OcCIUTi-tiw 

at Origin. 


Area of Disturbance 
(Longer nxis x abadet axia.) 


1 


AprU 


16, 1890. 


f Vicinity of Mijrake 
I Mfknza MmnOm. 


and 


ti tn 

9 30 pm. 


/lifind rticA of soii»iblei 
^ motion 4 740Bq. H.^ 


2 


F«b. 




b tiM Ma ^ In. 




688 MB. 


n. rt. 

laoKiao 


2' 


1" 


14. n 






1 SB an. 


UOx 60 




n w 


ItW. put of IfmadiL 




a 04 am, 


110 X 115 


3 


May 


7. « 


Do. 




2 37 pm. 


150 X 140 


3' 


■• 


n M 


Victnity U Kjolo. 




6 3f) am. 


IMn 60 


4 


JkD. 


18^1897. 


In tlM Ma of In. 




887 pw. 


laoK 80 


4' 


M 


17. .. 


8aiata (SUnaiio). 




5 86 am. 


UOx 110 


9 


lbl«il27.1898. 


In tilt «M of btt. 




3848111. 


170x110 




ft 




08 tbe 8. oonal oC 8*1 


{ami 


11 as pn. 


190x100 


6 


Jan. 


31. 1900. 


In the aaa or Zsn. 




2 37 am. 


180x120 


C 


Feb. 


1. .. 


Off the K. cwwl at IfntM. 


4 22 am. 




7 


Nov. 


5. 1900. 


i?-33"43'Kr; A- 139 OG' E. 
1 Near the laUndit of Miya- 
i Mb, mkam and Bon. 


4 41 pm. 


200x140 


7' 


w 




jOff the HE. ooaat of 

[ Kaniin Peninsnln. 


Avn- 


0 14 imi. 


190X 80 


8 


•I 


9. .. 


(Some distance to 
{ South of No. 7. 


tlie 


894 am. 


180x140 
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TABLE m. (Com,) 





Date. 


ikppimlnwt* Foritioo of 
Bilk* OrigiD. 


Time of 
Ooconenoe 
at QHgia. 


Aiea of OMwlMiMe. 
(Longer ails xdHBlw asia.) 


9 


Kov. 


19. 


i9oa 


Hi tiw SM of tel. 


lOSBpoL 


ri. >!. 

190x 90 


V 




** 


» 


K . part of Taaurta 


4 40 UBi. 


laox 70 


10 


Feb. 


20, 


X902 


Vicinity of Haciiijo-jinaa. 


XU 3U am. 




4V 


tt 




•t 


Off tlui 1^ rtauii uf MutMl. 


0 35 aiu. 


2i60x 170 


u 


9wam 


a. 


190S. 


viGliiiqf ofHaoatjo-jnnib 




^ 04\.» V MA 

XWxluv 




If 




** 




7 W pm. 




12 


Hot. 


X3. 1904. 


(Vicinity of Ogasawaia- 


9 49 a»M 


/Land area of aenaiblev 
^ iiiotlo&s590iq, ri.y 


18 


Am* 




190S. 


▼ieditt^ of OthlnyL 


940 poi. 


aaoxiao 






s. 


n 


In the IsbuBid 8m. 


9 40 pm. 


4fi0x2n» 


19' 




4, 




w 


8 M am. 


90x 90 




* ,. 


6. 






8 32 pm. 


Wx 40 


14 




4, 


1907. 


iVioiaity of Ofi«aawa»- 


537100. 


600x400 


IV 


n 


5. 


» 


Oft Uw B. oiMt of BttndiL 


9 16 an. 


aaoxiao 


IS 


1 May 


13. 


1908. 


1 Between fiacbljo-jima 
1 and Oroae-MkL 


5 23 am. 


400 X 230 




fli 


II 


Do. 


S 37 am. 


♦00x200 


15' 


I: 


14, 

is^ 


«» 

w 


(Vnfrul piirt of intiu^i. 
S. part of Riktuen. 


10 57 am. 
10 40 am. 


•Itlx :<» 
lOOx 50 



Of the 15 earthquakes, Nos. 1 to 15, tlic strongest were the 
three Nos. 1, 7, and 13, each of which was semi-destructive at 
some ol the islaads within the mei/oseismal area, and eausetl some 
damage such as crackB of tlie ground, landslips of elifl^, etc. No. 1 
was felt severely in the islands of Miyake and HQcura, and No. 7 in 
these two as well as in the island of Kom. Eqke No. 14 origi« 
natcd near the island of Osliima. The positions of the origin of dis* 
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turbance of the 4 shocks Nos. 7, 11, 13 and 15 are indicatod in 
Fig. 2. Of the remaining earthqualcee, Nos. 10 and II originated 

in tlic vicinity of the nacliijo-jinia, while Nos. 12 and 14 origi- 
natefl in ihe vioiiiitv of t})e 0*^usa\Vi(ru-jiinH. 

The following Uible gives some of the icsults of the seisnio- 
graphical obsei vations at Tokyo, Osaka, and >li2usawa, relating to 
tlio earthquakes Nos. 6-14. (Eqkes No. 15 are considered later on.) 



TABLB IT.-aQ] 



i NOS 6 14 OBSERVED AT TOXTO, 
AMD MiZUSAWA. 

Time uf Uinnimiioosf. 

ISgtal DmaliQii of llw FrellmiiMty Tmnorsy. 
Dnnlion of tbo M tmUmlnniy Ttemmmj/^ . 



No. 



C 
7 
R 
•J 
10 
11 
13 
13 
14 



Okie. 



Thd. 31.1800 
Kuv. S, 

19, 

Feb. SO, lOOS 
Jane 3, 1008 
Nov. 13, 1004 
.lane 7, 1905 
]|ii7 4, lOOT 



Tdkya. 



Ii ni ■ 

2 37 31 em. 

4 41 49 pn- 
a 55 03 am. 

10 SB 30 pm. 
10 40 a& Jim. 

0 S7 48 pm. 

9 48 BO em. 

3 30 80 pm. 

5 38 « pm. 



33 



y, = 10 
y, = 43 

yi»i3 



30.1 

».l 

48.5 

17. 

98. 



10 SO lU »m. 
0 38 30 pm. 
9 47 9» MB. 
3 40 18 pn. 
S 38 53 pm. 



«3 



50 



10 SO 33 
0 38 55 pm. 

2 40 S3 pm. 
5 38 54 pm. 



Calcukiting, for each of Eqkes Nos. 11 and 13, the opicentral 
distances («) by the formula a;*'*=6.8C /•*+8.1'V we find:— 

i>|ke Xo. 11 .... Tokyo IhO^ " ; Osaka l io^' 

E<iko No. 13 ... .Tokyo 125 ; Osaka 351 



* 'Om KnmlMr, p. 146. 
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As shown in the niiip (I'i^r. tlie origin of E<ike No. 13, deter- 
mined b\' the intersection of (be two circles drawn about 1\)kyo 
and Osaka resiH-M tively with radii proix)rtional to the distances 
here obtained, is found to be quite close to tho island of Oslnnia, 
which volcano {9=W 43' N» X=nr 24' E) was probably tho 
real centre of the disturbance. The origm of Eqko No. 11 is 
similarly found to be about 70 km to the aouth-wost of the island 
of Uaxshijo. The Tokyo epicentral distance of Eqko No. 7 was, 
according to the calenlutioii, l!»o km and its origin was probably 
near to Miyakc-jiniu. apiMoximately at ^^' = 34 3' N, ;.= 131) 22' E. 
These thiiHi eartlu|,uakes, toj^ether with the shock of May 13tlj of 
this year, thus seem to iiave originated all along the chain of tlie 
Ism volcanic islands ; the others having their centres in tho same 
neighbourhood or southwards in the vicinity of Ogasawara*jima 
(Benin Islands), 

4. lUiation between the eavthguakee of the Fu^i voteanie 
tone and tlioae originating off the north-eastern coaets of 
*Tapan* According to Table III, tho majority of the larger carth- 
(|uakes, which belonged to the Fuji volcanic chaiiK and wliuso 
area of disturbance had, in each case, u longor diameter greater 
than 100 ri (=400 km), were accompanied within a day or so by 
similar ones originating elsewhere in Ji^wm or off its north-eastern 
coasts. Before conceiving any relation between these diflbrent 
groups of earthquakes, however, it is necessary to gamine tho 
average frequency of larger earthquakes in the whole of Japan. 
This is indicated in tho accompanying ti^ble, for those years in 
which the shocks Nos. 2, 3, 11, 13, 14 and 15 took place. 
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TABLB ▼.'-TBABLT »UMBBR OF LAHOER XASXBQVAXBB. 

WHOIiV JAPAX. 





NnmlHT of Eqkn. vImimi land 

una of ilL'itiirlwtnM^ wah granttir 
tlum l.tXW mi. ri. 


Niijnl>L-r uf lv|kcs, \vL<<si? Linger 
■uuM uf Ulu iimi uf ilidtiutNinou 
«M grcnt* r (bikn 100 ri 
(»4U0 km). 


1890 


38 




1897 






1898 


02 


54 


19(Kl 




72 


19U2 




75 


l'>03 




59 


1J>04 




50 


19U5 




K4 


1907 




71 



The annual eartbqnake number in Japan during the interval 
iindor consideration varied between 34 and 84» giving the av«»ge 
value of 59, which is equivalent to one larger shock oceorring 

every G.2 days. This is 7 times longer than the average intci val 
of 21.6 hours ('rable VI) Ijutwoon the different eartliquakes of 
tlie Fuji volcanie zone and the sliocks whieh accompanied them. 

Hence it i.s probable tliat the earthquakes Nos. 2', 3', 4', 

which either preceded or followed tlie Eqkes Nos. 2, 3, 4. , 

were really related to these latter. 

The eleven earthquakes, 2\ 3', 4',. . . .may be divided into two 
groups, (i) and (ii), according as they preceded or followed those 
of the Fuji volciinic zone, as showa in the followuig table. 
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TABU Vt^VSLAXUM OF XBB BAmBQVAXBB OF THS FmZ 
VOLGAJIZC ZOm TO TBOSB OF THB OTBBR OBiam, 



Eqkes. 
Non. 


OriRiri of Ihf T^ikf liy which that of 
the Fuji Voloiaic Zone wua 


Time inii^rval l)y which ilqke of tbe 
Figi VoioiDic Zuae was 




fllllOW6d> . .(il) 


piMMded liy <i} 


iailairad by (U) 


S-S" 

I'Jt 

w-w 

II'-IO 

13 -13' 

14'-1 » 
1&'-15 




TtAjo Bny. 




1 M 


VktnltraCKTOta 

'Vicinity of Raznka 
((ShinaQo) 


0 8 

1 t« 






Off the S. cTiiKt 
of Svgntni. 
Off the E. ooiwl 

of !^IlltMU. 
Off th« UK. COikt or 
Awh-Kmuk* 


0 911 

1 9 
1 9 












0 ia 


(OtrtheE.coMtor 

iMatBO. 

do. 


0 14 

0 16 








0 18 


lOff thAooMtof 
i Hitachi. 

Uitocki. 


0 9 

1 5 












0 XL 


0 as 


il'ncr<tt Mtm 22 b'lufs. 



It will be seen from the above table that there is apparently 
a certain rc^larity in the order of occurrence of larg^ earth- 
(luukos along the difl^rent seismic zones. All the earthquakes 

of Group (ii) originat^^il off the nortli-oastorn oon«?ts (including 
Tok^'O Bay) of Jajmn, while those of (iroup (i) ori^'inate*! in the 
cent)-al part of the Main Island or in the Inland Sea. Whether 
these interesting relations are also folfiUed in the futtire remains 
to he seen. It is tnie that the number of the shocks of Group 
(i) is too few and only four. Bat the nniformity of the Pacific 
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origiu of all the 12 shocks of Group (ii) is striking. Couiming 
our attention to tho latter group alone, we may, as a provisbnaiy 
conclusion, suppose that, when the seismic stress along the Japan 
arc reaches a maximum limit, and an earthquake first occurs 
along the Fuji volcanic zone, an equal or greater disturbance is 
Hkoly to originate after about one day off the eastern co«Bt 
of the Main Island or lIi)kkiii<lo. That is to say, the Fuji zone, 
or the series of tlie ishiiids Ix'longing to it, forms a veiy sensitive 
seismic bolt, and gives rise »to the earthquake or volcanic erup- 
tion, wliich serves as a fore-runner to another in the northern part 
of the principal or external seismic zone. 

& Voleanie eruptions. Of the three volcanic eruptions 
mentioned in § 3, the iirst and the third, which occurred not 
veiy far fi-om tzn islands group, respectively at Ton-shima and 
near the Bayonnaise \UhA<. were each accompanied l»y a marked 
seismic activity. Thus, the eru])tion of Tori-shima took place 
between the night of 7th and that of 9th. in August 1902, 
the larger Japan eartliqoakes during this epoch being as 
follows : — 



Date. 

(Aug., 1902) 


1 

Approximate 

Time of 
OcciurenoR 
at Origio. 


1 

Origia of Earthqnftln. 


Tx>iiger and 
Shorter axes 
of Area of 
DiatDtfaaiioe. 


7 


ii III 

0 pm. 


Bay of Tokyo. 


Tl. rl. 

160 X 70 


» 


0 22 pm. 


Off the coast of Mutsu, 


250 < 150 


8 


S 37 am. 


8ahiiia (SliimosA). 


200x120 



It may be added that there was no large earthquake in any part 
of Japan during the 11 days preceding the 7th of Angnst, and 
also during the 11 days succeeding the 8th of August, 
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Tho snbrnarine eruption near the Bayonnaise Bock probably 

occuiToil between 7th and ISth of April, lOOll. (i.e. simultaneously 
with the tjreat outbnr.sts of the Vesuvius), there liaving l)cen the 
Ibllowinjjf six earthquakes during the 7 days from 4th to 14th 
(Formosa oxceptetl) : — 



Dftto. 

(April, IIHW) 


Approximate 

Time of 
Occurrence 
lit Orijjiti. 


Origin of Earthquake. 


I.ouj^r ami 
8Iiorter axes 
of Area of 
TJisturbance. 




h in 

10 (H am. 


Off the coast of lUkuzcn. 


Tl, rt. 


5 


1] •')() am. 


„ ., Twjiki. 


24(1x18(1 


8 
9 


7 'iO pm. 
2 52 pm. 
2 38 am. 


Off the £. coast of Xemtux). 
(Off the E. coast of Awa- 

1 Tvjizusa Ptmiiwiila. 

Oft' tln' roast of Iwaki. 


:ir>Ox ? 
inox 70 

230x100 


11 


7 08 pm. 


NW. part of Alino. 


140x 90 



In this case ngain there was no lar<;e eartlujuoke in Jainin 
(Formosa except<Hl) dnrinj; the 1 1 dn ys ])receding tlie 4tli of 
April, and (hiring the 0 days snccee<rmg the llth of April. 

6. yote OH volcanic eartliquakes* The enrthquakes 
originating along the Fnji volcanic chain are probably of the 
volcanic origin, that is to say, they are the eflbcts dae to tlie 
activity of the volcanic energy, resulting In the sudden formation 
or extension of a subterranean cavity and other disturbances. 
Earthquakes of this nature need not necessarily be small, and 
are sometimes quite different in iiiiiLMiitudc IVoin tliose, whieh 
nccoinjiimv' actual vuleunic eruptions or explosions and wiiich ore 
of purely surface origins. As instances of strong volcanic earth- 
quakes of moderate extension, I may mentM>n the shocks on 
April 2tst and 23nd, 1792, vhich preceded the final catastrophe 
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of (he Vns&ii'dake (in the province of Hiaen, Kyttflhu),* which 
caused in the town of Shimabara some damage to buildings and 

cracks of the gmund nboiit 1 inch in width. The earthquake of 
April 2, 1808, iu Un- island of Hawaii, wlik-h aW^ended the enip- 
tion of Mauna T-oa in that year, is another example. It caused 
Rome damage to Imildings in tlie vicinity of the mountain, in 
addition to a landslip which produced a remarkable mud stream. 
The shook at Pompeii, which had caused a oonsidefable amount of 
damage to the buildings in that city 16 years prior to its final 
destruction by the eruption ol the Vesuvius, was also evidently 
of the same categorj'. 

The proper volcanio oai*thqunk<'S aic thus somt^tiraes strong, 
semi-destructive, or even locally destructive, but seem aa a rule 
not to attain the magnitude of a large destructive shock. 

Earthquake of May ijj igo8. 

7. 3>iffereiiU Hh/oeks an May 13, 1908, As is usually the 
case with strongs earthquakes of the Fuji volcanic zone, the 
principal shock of May 13th, 1908, at about 5h S3m am., was 

accompanied by many minor ones, the earliest ui' w liich occuired 
at 4h 44m am. on the same day. Tho following table is a list 
of 13 of the shocks of this gmnp. which were sensible or were 
recorded by the ordinary Orey-Milne-Ewing type seismographs on 
the Main Island, during the course of the next 24 hours; the 
numerals within the brackets in the first oolomn corresponding 
to those of the fore>shocks (Table on page 09) and after'Shocks 
(Table X) observed at Hacbijo-jima. 

• Ses my "Volt* an Om Eraptiam of tbe UimeiMlnhe in lbs ^ jm at Kuwei (17U2)." 
Ibe ByOrtbt, Vol. I. Na 9. 
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TABLE VII. -UBT OF TH£ EARTHQUAKES ON MAT 13th AXID l*th, 1908, 
WUlOB WBRB BBMUBiS, OR WSBS BBCORSBD WT TBB OSIDXItABT 

auAT'Mnjm^Bwixa type usmtooMAPBB. 



Na 


Approximnte 

time of 
Ocxnirrence 
at OrigiD, 


iu Tokyo. * 


Stnmij. 


Madente. 




Slight 
(inmtunble) ** 














« ID 


k m 
4 44 niu. 


k IN « 

■ ■ ' 










(Nunuun Matm* 
|mo(o. 




9 Inf UD. 


9 ui UB am. 








iHachilo-juna. 
j NiuoMia. Sofa, 
'KnnagM. 


« (•) 


S S3 Mu. 


SflSfllam 


}I«rlnjo- 

Nagn- 
fcattin. 

^Kwazu. 


1 Juln. Mt^ii. 

1 TTih.mjii'ninlt£ii 

'\ Miitaumuto. 
iTRti Kcifn 
1 Tnknyiimn. 

Ivyoto, 


' Tokyo, Yokosnkn, 
' Hikone, Osnka, 
"l Nogoyo, Gifa, 
(NMgata. 


FukiMltiniM. Mito, 
YokiiKnkii, I'ukiii. 

• Yf»i4i. W nknyamn, 
Tokufihimai Okap 

^ynma. 


A 

W 


K 30 am. 








1 Tokyo, Mfitii. 
(Avtiit Maygfa. 


ainnaiFHa 

rujcuHiuma, Alilu, 
YokoHokn, Uifu, 
Hiiciine, Kymok 
^Osaka. 




5 37 nm. 


5 »7-liam. 


/ 14 «>lvi aj-k_ 

! jitiw. 
1 N'nga- 


{ Nuumzu, 
( ini. 


fiV) 


i 64 am. 








Kota. 


1 j^uauuHXiM, 






5 8717 an. 






YahobaBui. 


1 ^ i>k(»«ikii, 
I Numazu. 


'J (5') 


ft M am. 










Koto. 


A («') 


7 mjam. 


7 0405niu. 






KoCo. 


Nomaia. 


« (10') 


7 28 am. 










Eofb. 




8 17 am. 










Kate. 


A; 


• 93 am. 












1 


V Si am* 








KoCu. 


Koaoaaa. 




Ilfaj 14til] 










- 1 


1 S3 am. 1 








(Had^ioijiiDa 





* Tbr timr"; of occorrrnrv in Tokyo huv>> hcen taken from the — » " «v ^ -ii»m fanUlfld 
tiy the harizontai penJnlum tioiuumL'ter of i2(J iimen magnilkntion. 

** A ^ight (InscMiUc) Bhaking mcaiiH an earthquAke vhicb id insenaible, bnt w recvmied 
bj an oiillnaiy Cbay-UiloA-Etriiig typa iciianMgiH^. 
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The shock at 5h 23m am. was felt sttvitgljf at Ilachijo-jima 
and within an area of 110 sq. ri on tlx? Main Island, which 

covered tlie major part of Izii and a ixation ot Totomi, causing 
stop]>n;2r'' of ]K>Tidulurn clocks, ovcrllow of liipiids, etc. The area 
of nnxieratc iiiotioii, about 1,"H0 sq. /•/, exteiule<l over the provinoos 
of Mtkawa, Totomi, Sura^sa, Kai, Sagami, Awa, and Kaimsa ; the 
total land area within which the motion was sensible or was re- 
corded by the (iray-Milne-Ewing type seismogiaplis being 8,G40 
sq. iL At the Ilacliijo-jima itself, the secoml shock, which 
followtxl 11 inimihs latef, was felt imich more stronjrly than thu 
lirst. Again, of the 13 eartlupiakes tal)ulated above, only 8 
wore sensible on the Main Island. Tlie earthquake at 5h '67m am., 
which was, according to the seismi^'aphic recoitls at the diflliix'nt 
stations, of a magnitude practically equal to that of the principal 
shock, had a mnch smaller land area of distm'bance than the 
latter. This was probably duu to the i-emoval of the origin of 
the second cartluiuake further southwards. The areas of dis- 
turbauco of these two earthquakes are indicated in 1*1. XXXIX, 
8. Pi>eUminary tremor and epicentre. Table Vll gives 
the times of occurrence and the durations of the preliminary 
tremor of the two principal earthquakes, deduced from the records 
furnished by the Omori horhsontal pendulum seismographs at 
Tokyo, Osaka, Mito, Mt. Tsnkiiba. Nagano, and llachiju-jima, 
whose multiplication ratios varied from 10 to 300 times. The 
determination of the moment of commencement of the second 
shock was rendered uncertain by the superposition of tlie vibi-a- 
tions forming the end portion of the first. 
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TABUB VUL—TOa OF OCCURRBIlOa AMD VfUSULTJOV OF PHEUMmAUr 
TRBaCOR OF TBa VWO PBHTCIFAL BABTBQVAKBSb OWUIRVilD 
"WITH OMCna SOUHOIITAL VBNBmajMB. 





Time of 




IbiiMtion of 


InsinuueDt 


HtiiUuii. 


Occurrence, 
(un.) 


Joiupouout. 


i'ruiimiuai"}' 
Tremor. 


l*roper 
I'eriod. 


Mubplicattoii. 






iNt Bwthqa 












V'LJ 


.)2.9 


28.a' 


10 






»» 




iH.r, 


'in 


Tokyo. 


Ii III <• 

5 23 'I'A 




27.4 


4 7 


uoo 






ff 


25.2(?) 


2(!.r, 


120 








24.8(?) 


61,5 


16 










30.0 


20 


Ottska. 




1 EW 
j NS 


44.B 
4S.9 


2i%0 
•4.0 


An 

20 

Ail 

90 






I EW 




4.0 


90 


Hi. Tstikubtt. 


5 2» 41 


EW 


40.B 


4,0 


A#a 

90 


Mito. 


6 32 48 


EW 


46.0 


2o.o 


An 

20 


Naganow 


_ 


EW 


39.7 


13.0 


Atk 

20 


Miaieawa. 


f> 34 30 










IBbM^ujchjima. 


5 19 09(?3 


EW 


16.2 


4.6 


150 








Mka. 






Tokyo. 


5 37 00 


1 ■*• 


30.5(?) 
32.:j(?) 


2H.0 
48.5 


10 

20 






/ NS 




:!(».(► 


20 




a :J7 IK) 


EW 
NS 


46.7 

4ao 


25.0 
4.0 


SO 
90 






I EW 


48.5 


4.0 


90 


Mito. 




EW 


47.0 


3a8 


20 


Nagana 




EW 


34.«(lf) 


13.0 


20 
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The duration of tlie preUminary tremor at Tokyo seems to 
be Homcwbat shoi'ter in tlic £\V component than in the NS. As 
a provisionary measure I have adopted the value for the latter 
component, which corresponded nearly to the longitudinal wave. 

The duiatiuii lor Osuka does not nmcli diller in tlio two coiu- 
lK)iieut.s, wliich may therefore be Uikon together. Table iX gives 
the mean (hiratious of the i)reliininary tremor at the different 
places obtained by averaging the results relating to the two 
cart]v|uakc8. 



TABIiB IX MKAN DURATION OF THE PRELIMINARY 
TREMOR AT THE DIFFERENT PLACES. 



StiitioD. 


DnttttioD of Pieliniiimry 
Tremor » y {mean rofue). 


Epiceutral Distance — x, 
calculated by E<j. (3), 
p<-igo 146. 


Tokyo 


3».7 


239 


Ottka 


46.4 


32a 


Mi Tsttkaba 


40.H 


284 


Mito 


40.0 


323 




39.7 


280 


Ilachijo-jiiiiH. 


15.2 


112 



Tlio epicentral distanees (.r) given in the 3rd eoinnm of the 
above table have been calculated from the dumtion (^) of tlie 
preliminary tremor by the equation a^""— 6.80 y*'+8.1'"",* Drawing 
on the map (Fig. 4) the cuncles about the 6 different places as 
centres, with the radii proportional to the x thus obtuned, the 
Ix)int8 of t)ie mutual iiilci section are foujid to be (juite elose to 
one anothers, except tliose relating to Nagano. The approximate 
position of the epicentre nmrked on the map by ii small rross 

« Ifak ttwnbsr, p. Itf. 
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(x), is >it about f =33''63'N". ^=138' 56 E, nearly midway botwoen 
the island of HacUijo and Capo Omae-zaki of Totomi. (Sco Fi;;. 

9. Fore-slMwhu, The earthquake at 5h 23m am. was piv- 
coded by 5 minor procursoiy disturbanoes. These furnish a very 
interesting example of the oecnrrence of the foie'&hocks " of 
earthquakes, and have been discussed in another article. (This 
Number, p. 99.) 

10. Aftei'-Hhoch.s. Table X gives the time of ooenrrenco, 
the dumtion of the preliminary tremor, and the maximum range 
(=2a) of motion in the £\V direction for the 12 after^shocks, 
which immediately foHowed the two principal earthquakes, the 
observation haying been made at the meteorological observatory 
of Hacbijo-jimft with an Omori horizontal tremor-recorder of 150 
times maguilication. 



TABLB JL-AFTXIt-SBOCKa OBSXRVBD AT BACBUOJIICA. 



Na 


Time of 
Oeearrenae at 
H»cbtjo<jima, 


Total 
Duration, 


Duration of 
Rnlimiiiary 
Tromor. 


1 

Max. 2a. 




h 111 








1' 


f) ,'):■> 02 am. 




10.5 


0.19 


2' 


-) r»7 13 


n i.'j 




0.34 


3' 


6 13 14 


1 30 


16.1 


0.037 


4' 


6 90 4fi 








r»' 


0 33 44 


.0 30 


14.0 


0.030 




6 36 m 


0 GO 




0.027 


V 


6 ^6 14 


0 60 


16.3 


0.037 


8' 


7 03 156 


2 00 


10.3 


0.090 


V 


7 23 00 


1 10 


16.9 


0.030 




7 28 30 


0 60 


10.4 


0.020 


11' 


7 49 00 


1 40 


14.0 


0.020 


12' 


8 00 40 


0 30 




0.01 r, 
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Except the first two, aU these shocks were very small The 
duration of the preliminary tremor for the different cases varied 
lietween 14.6 and 16.5 sec., giving the average value of 15.6 sec., 
which corrospond« to an epioentral distance of about 107 km from 

Hacliijn- jimu, pioliiilily to the NW of the latter. The successive 
time intervals between the 12 al'ter-shocks were as follows : — 

2«11« 



IC 01 (•) 

7 32 

12 68 (•) 

8 11 

1« 19 (•) 

A 41 

19 05 (♦) 

n 30 

20 :50 (♦) 

11 40 



It win be observed that every alternate intervals, marked by 
Mtmiikt, varied from about 13 to abont 19 minutes and were 
much lonj^cr than the intermediate ones. 

The two principle earth(iiiakos on the 13Hi wviv followod. in 
nccordanco with tlie characteristic of ihv di.stnrltances aiouj^ the 
Fuji volcanic cliain (§ 4), by the two followinj^ shocks which 
originated along the north eastern coast of the Main Island : — 

^ May 14t1i : 10.67 am Origin, cmtrai part of Hitachi. 

[ M 16th : 10.40 am „ ,8. part of RikuifiiL 

There was no shock of the land area of disturbance greater than 
1,000 sq. ri for the 8 days after the 2nd of the above earthquakes, 
and for 9 days 14 hours preceding the 1st shock on the 13tb. 
(See Table III.) 
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The After-shocks ol the Zenkoji (1847) and 
the Teupo (1830) Earthquakes. 

By 

F. OMORI, Ski. 
Member of tbe Imperial Earthquake Livestigatioii Committee. 

With Pla. XL and XU. 



CONTENTS. 

§ 1. IntioduoUun. 

§a. AfUi'^lKwika of SSMdMji EuibqiM^ 

} 3. Fni<iiu>nry .>f :>ftcr-Rboc]<8 of Zonkoji EiullMinnke flonpand 

vttii Uwt of MiDo-Ownh £iirt]i%aake. 
§ 4. Aflw-dwch of Tflbpo KmtbqiMilw <£ 1830. 
I 5. CominruwHi between the nftvMllodt bflqn«licif« oC Teupo ittul 

Mino-Ownri £^uiliq.ankeii. 
5 fi. (.Vmcliwion. 

1, Ittti'oilnrfioii. Tlie prosont note gives an amnnit of the 
frequency of tlie aftei-^shucks of the two great Japan (^arthqiniki's 
of Zenkoji and Tenpo, based on the old records given in the 
Dai-Nippon JUhin Skirifo (** Material for the Earthquake History 
of Japan," No. 46 of the Rojxnt [.TajmneBe] of the Imperial Earth- 
quako Tiivestigatiou ComiiHttce, 2 Vols.) 

2. After-shorh's of the Zenh'oji earthquake.* ' The daily 
number of the aftor-shocks of the «q'eat Zenkoji eartliquake of 
ytny 8, 1847, recorded at Matsushiro by an official in the service 
of the feudal lord of that place are given in Tables I and 11, re* 
spectively for the first 31 days and for an interval of the 42 days 
hotweeii \uv. 21), 1H}7 and Jan. 0, 1818. Then? were also inany 
jinari, their niimbei's not being included in t\w ligun s of Table I. 
The city of Matsushiro is about 10 km to the south of the middle 
point of the epifocal zone. 

« A idifltt noooant of tlw Znikcili CMlbquiike bM liean given in ik|i. 196-143, of Ohb "SuaAet. 
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TABLE I DAILY NUMBERS OP TETE AFTER SHOCKS OF THTl ZENKOJI 
BARTHQUAit£ OF MAY 8, 1847. MAY 8 JUNE 7, 1847. MATbUSHIHO. 



Date. 


XninIxT (if 
£artjiquakcs. 


Date. 


NTitnbi-r of 
Karthquakes. 


May 8 


81 


May 24 


16 


0 


69 


25 


11 


10 


56 


26 


25 


11 


AO 


27 


7 


12 


82 


28 


10 


l:{ 


86 


29 


13 


14 


.'>2 


:«» 


17 


ir, 


99 


:n 


3 


1<; 


57 


JUDti 1 


13 


17 


43 


2 


20 


1ft 


29 


» 


5 


19 


20 


4 


8 


ao ! 


H7 


n 


14 


21 


16 


6 


la 


22 


31 


7 


7 


23 


21 


Sfm, 


980 



TABU n.-DAXIiT' MUianHI Of TBB 

EARTHQI7AKE OF MAY R 1047 



AFTBR<BHOCKB OF TBB 3BBBKMOJ1 

NOV 20 1847 JA.ISr, », IStt. 



Bate. 



Eavthqnakes. 



I 



Jtmri , Totnl Nnmlier. 

I Stroiig. I Moderate, j Hmall. j | 



1847 1 












Nov. 29 f 


2 


2 








30 1 




1 




z 




T)ee. 1 1 




3 






J 


o ' 




4 


5 






A 1 






B 


1 


7 


4 






2 




4 


5 


= 1 


2 


- 


- 


2 
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TABian. (Can.) 



Eivrtiiqnakes. 



1 \ L 

Date, 




1 Stnug. 


Moderato. 


Smalt. 


Jiiuirt. 


Total Isumbor. 


1847 


1 










Dec <i 






— 




2 


7 




1 




Q 


3 


8 




1 






6 


9 


— 


1 


1 


— 


2 


10 


- • 


3 


— - 


■ ■ — 


2 


11 




1 






1 


VI 








1 


2 


i:{ 


— 


2 






2 


14 


1 


1 


1 


2 


6 


1$ 


— 


1 


— . 


— . 


1 


IH 


i — 








2 






1 


1 


B 


o 


18 


1 _ 


1 






1 


19 


2 


— 


1 


S 


'20 












•21 


— 
-2 


(j 


1 


2 


11 






1 






4 


Zi 


■ — 


1 






I 






1 




— 


1 


21 ; 
2/ 




1 

_t 


' — - 
• 


— 
* ' 


1 
4 


28 


z 










*19 







— 


— 




30 




1 






1 


:?1 




2 


6 


2 


9 


1818 












Jan. 1 




2 


1 




•> 

t» 


2 
3 






1 




2 


4 








2 


8 


5 


1 




5 


(Fratinent) > 


10 








» 1 




4 


7 






1 ' 


_ » 


2 


8 




5 


2 i 


1 


10 


9 


1 




- I 


1 


1 




12 


67 


88 1 


16 1 


184 
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TABLE IIL-MOiraBZiT MDMBBRS OF SHB BBMSIBIiB BASXBQirAm 

maooMSOD at ths iiBnoiiioziOozcAii caaaarATOMT op haoaito. 

1809— IMT. 



NsMonth. 
Year. 



I 


1 


Til 


IV 


V 


1 

n 


vn 




MB 


IX 


j 


X 


XI 


xn 






0 


I 


1 


u 


1 


0 


0 


0 


l> 


1 


1 


0 


II 




4 


U0O 


3 


0 


0 


1 


u 


1 


0 


0 


0 


1 

b 


0 


0 


0 


4 


tm 


0 


0 


0 


0 


1 


0 


1 


0 


0 




a 


1 


'2 


7 




1 


1 


0 


0 




Q 


0 


(» 


a 


• 


0 


1 


3 


« 


IM9 


0 


1 


1 


0 


u 


0 


0 


0 


0 






a 


0 


4 




0 


0 


(1 


1) 


0 


() 


0 


11 


1) 


1 


1 


n 


0 


1 




-i 


u 


0 


1 


" 




0 


0 


u 


1 


0 


«' 


0 


:i 




■1 


•i 




1 


0 


1 


•i 


2 


1 




« 




II 


1-2 


18U7 


4 


■i 






5 






1 


0 




tl 




1 


•2.1 


uos 


0 


0 


4 


u 


1 






1 


0 




10 


8 


1 


21 




1 


0 


4 


:i 


1 


» 




n 


0 


1 


0 


8 


1) 




1900 


1 


1) 


:» 


1 


1 


0 


1 


1 


0 


1 

t 

1 


0 


0 


0 


« 


I '. H I I 


1 


0 


0 


0 


0 


1 


i 


-2 


1 




0 


-2 


3 


1-2 






u 


0 


0 


1 


1 


n 


n 


0 




0 


II 


n 


1 


liKXi 


1 


! ' 


1 


u 


«> 


•> 


-2 

i 




1) 


I 


u 


II 


0 


7 


IWM 


0 


0 




0 


1 


1 


0 


0 


0 


1 

1 


1 


1 


3 


» 


1905 


1 


1 


1 


I 


1 


% 


i ^ 


2 


0 


1 


3 


1 


0 


19 


19M 


1 


8 


a 


4 


2 


'2 


1 ' 


1 




« 


1 


0 


8 


88 


1907 


u 


1 


1 


5 


1 

1 


t 


1 i 


2 


0 


1 


a 


1 


2 


24 



The mimlKTs of the after-shix-ks of the Zonkoji earthquake for 
tlie first 0 intervals uf .'j-ila vii each cuiiuiicuciug with May 0, the day 
aftur tlio groat catastruphe, woi-e. uccurdiug to Tabic i, as follows: — 
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GnSay Interval. 
, (1847) 


Olwerved Numl)er 
of AftoavshockB 


Cftlciilated Number 

of Aftei'-8lux»ks. 


0 


May 9— May IH 


H73 


488 


1 


1 J- 18 


220 


177 


2 


19- 2:J 


125 


111 


a 


„ 24- „ 2S 


69 


81 




„ 29— June 2 




o:j 


5 


June 3— „ 7 


47 


52 



Denoting the 5-day interval and its corresponding after-shock 

fro<iiiciicy respectively by x and ii'i'^ ealciilatiiij:; tlio coiusUmts 
of my eq^uation for the frcqu^jucy of after-shock:*» \vc obtain from 
the foregoing table the following formula : — 

29(5.4 

The values of u ealculiitod bv this equation for the different .r's, 

given in the lust coluuum of the above table, may be rejjranle*! 
on the whole to bo appro:dmateIy e(j[ual to tiie actual uftor-sliock 
firoqucncies. 

Caleulatiug by means of Equation (1) tlie seismic frequency 
for fl;s-^^s73, we find : — ^y=:4.0. Hence, 6*^=24 gives the pro- 
bable munber of the after-shocks during the one month exactly 
one year after the initial great earthquake, namely, during tho 
30 days between April 27 and May 26, 1848. The actual number 
of the shook during this interval was 27. 

Again, calculating as a trial the seismic fmiueiiLy for ^:=50 
years, wo iiud 

if:=0.061; iigix ^=5.9. 
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Thus, according to Equation (1), the aiinuni frnjiicncy (of the 
after-shocks only) at Matsusliiru 50 years aiui tlie Zenl<oji eurth- 
(XUakc, sUouW be approximately 0 ; indicatinj^ a possibility of the 
coniinnonce of after'shocks of a violent and gi-eat catastropko for 
over half a centuiy. For tlio sake of reforonce, I give in Tablo 
III the yearly nnmbers of the sensible eartliqnakcs i-eoorded at 
the ]netoorolo<5icaI obseivatory of Nagano (Zcnkoji) durin;:; the 
1!) years beUvoen and 1007. The nuaii of the two last 

named years is lbi>6, wliich ia 51 years after the date of the 
€}artliquako in question, and the average annual seismic frequency 
during the 19 years was lO.fi, which is eciuivaloDt to tlie sum of 
the yearly number of the ordinary earthquakes and that of the 
affcer-sliocka, if any. 

8. tYequencf/ of aJti i -Hkoi ku of Ihv Zvnkoji rai't/t quake 
compared with that of the Mino-Owari earthi/aitke. The 
after-shocks of the Zenkoji earthijuake were more iiuinerons tiian 
those of the Ansel earthquake of Dec, 24, 1854, 1'ecoi'ded in Tosa, 
and of the Nemnro^Kushiro (Hokkaido) earthquake of March 22, 
1894, i-ecorded at Nemuro. 

The following table gives tlic daily number of the at'tei -siiucks 
oi the Miiio-Owari earthquake for the 60 days between Nov. 3 
and Doc. 2, 1891, recorded in»lrumetU4illy at the meteorological 
obscrvatoiy of Gifo. (The after'Sfaocks of the Mino-Owari earth* 
quake have been discussed in detail in the Jour. Sc. Coll.. Tokyo 
Imp. Univ., Vol. Yll, and the Fablications of the Earthquake Liv. 
Comm., No. 7.) 
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Fn qncmcy of the After-Bhooks of the Tenpo (1830 j and 
Zeukoji (1847) Earthquakes. 
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TABLE IV.-A}"Tr:R SHOCKS OF THE MINO-OWAKI EARTHQUAKE OF 

OCT 23 lfl9l OBSERVED AT THE METEOROLOGICAL 

OBaEri VATOKY Of Gli'U. NOV. 3 DEC. 2, 1891. 





of EqkeK. 


Dafce, 


ofEqkefi. 


Nor. B 


81 


Nov. 19 


17 


4 


78 




33 


r> 


5» 


21 


21 


0 


C7 


22 


12 


7 


45 


28 


23 




42 


24 


18 


9 


44 


25 


9 


10 


40 


20 


IB 


u 


H8 


27 


11 


12 


4f) 


28 


10 


13 


ar, 


t2!) 


19 


M 


29 


;{(> 


14 


ir, 


29 


]>oi>. 1 


7 


\<\ 


28 


2 


16 


17 


21 






18 


18 




919 









The variation with time of tho after-shock froquencjr at Oifu 
(luring tho 30 day's, beginning with the 6th day after the initial 
disturbance, is graphically shown in Fig. 2. It will be observed 

that tilt' mean ciinc rosenible?* in frciioial tliat in Fi^. 1, wlilcli 
iiidienti's the similar relation for Matsnsliin) with ros])Ofi to tho 
Zonkoji oartliquake, during tho 30 days l»o;i;innin«; witli tho 2iul 
day after the latter. Farther tlie total numbers of the after-shocks 
of these two great earthquakes dnring the respective 30 days 
intervals weie noariy alike, namely, 919 and about 900. 

Tlie following is a comparison of the after-shock frequencies 
of tlio two onrthquakos iiiidt i cosideration durinn tho 30 days, 
rospeotively (i) 7 niontiis and (ii) 1 year after their occurrence : — 



F. Onwirl: 





^liuo-Owari Ktjkc 


•to days Inbervid. 


Number of 


no days Inten-nl. 


Xuinl»er of 
AfteMiliooluB. 


(i) DcH-.l-HO, 1S47. 
.. (April 27-Miiy 

^"^126. am. 


l7'^ shcK-kH. 
|12 sotmdH. 

(27 sljoiks. 
(namerous soiiuds. 


.,(May 28- Juno 
^*^|2(;, l.S*>2. 

.. ff>c't. 28 -Nov. 
*'"''l27, 1892. 


|23 slioc'ks. 
(11 Honnds. 

|4fi sliocks. 
1 8 sutinds. 



lleieby it is to b<' noticed tlint the record of the Mino-Owari after- 
shocks, which was made iiistruineiitally at th<> meteorological 
obaervatory of (lifn, inchidesa mimbcr of insensible shakings and 
may be taken to be much more acoarate than that of the old 
Zonkoji shocks, \^'hich was carriefl on withont instrumental aid. 

From what has been said above it seems that the number 
of after- shocks of the Zenkoji earthquake of 1847 was not less 
than that of the Mino-Ownri cartlnjiMkc of ISIM. 

4, Jfter'Shoch'8 of the Tenpo eai'tlumake JS.'iO. The 
oarthquakii of the 1st year of Tcnpo (1H30), on Aug. 10, which 
caused considerable damage in the city of Kyoto and the vicinity* 
was followed by numerous after-shocks whose daily numbers at 
Kyoto are given in Table V; their total number in the interval 
of fi months nj) to Feb. 28, 1831, being «)81. The nnmlnTS of 
the after-shocks tiuring tlu^ successive int<'i\als of 30 days, 
denoted by a:— 0. 1, 2, 3, t, and 5 respectively, were as follows ; — 





30 days Tnterval. 


NtuuWr ot tlw' after- 


Nnmljcr of the after- 


X 


shocks fu-lii>iUy 


(tbocks cnlruliittNl 




iMonlvtl nt Kyi»t«i - y. 


hy Etioatiun (2). 


0 


Aug. 30. IHBO-Sept. 18, 1830. 


303 


BOO 


1 


Sept. 11), -Oct. 18, „ 


111 


1»4 


2 


Oct. 19, „ -Nov. 17, „ 


90 


80 


3 


Nov. 18, „ -T»ec. 17, „ 


C7 


03 


4 


l>oc. 18, ,. ..Tan. 1831. 


71 


r,o 




.Ti;i 17, i^;;i-F.b. 1.";, .. 


•\»\ 

, ». y 
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The lelaiion between the time x and the ooiresponding 
seismic frequency //, illnBtnited graphically in Fig. 3, is found to 

be as follows : — 

237.9 
a- + 0.777 

The figures in the last column of the preceding table have been 
calculated by Equation (2). As a trial, putting .r^GOx 12=720 
(or approximately fiO years), we find y=0.3S. Hence, 12//— 4 is 
tlio approximate calciihited valiio of tlio annual soiRmio freqnoncy 
in Kyoto, about fiO years after tlio earthquake in rjuostion, 
provided its after-shocks be supposed to have been continued for 
so long a time interval. Now, the value of x considered above 
conesponds to the year 1890, and the average annual number of 
earthquakes recorded at the Kyoto meteorological observatory 
during tho II years between 1885 and 1805, was, as shown in 
the following list, approximately 5, agreeing fairly well with the 
result deduced from fiquatiou (2). 



TBARLT BUMBmi OP BARTBQTFAKBS JX X70T0. ia89-18S9. 



Teiur. 


Number of 
Eniiluioiikos. 


Year ' 

j Earthquakes. 


188R 


5 


1891 


102* 


1880 


2 


1892 


25» 


1887 


6 


1893 


5 


1888 


6 


1894 


6 


1889 


2 


1895 


U 


1890 


2 


Mean. 


5 



• Tljc nninl)«rR for 1891 ntul 1*^2 hiwc Ih ch i.mitt.Ml in hvkinR )be» Tn<»nn, nn the mnjority 
of the (UsInrlKinccs in tUeac two yciuH won* thn fifri r-nhocks of the MirifvOwiiri mrthqimki' of 
Oct 96^ 1«01. 
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TABLE V DAILY NUMR-EPS OP THE AFTER-SHOCKS 
OF THE KYOTO EARTHQUAKE OF AUG. 19, 1830. 
KYOTO. AUG 20, 1830- iiiB. 28, 1831. 



Year. 


1830 


1831 




vni 


IX 


X 

1 


XI 


XU 


I 


n 


1 




1 


4 


2 


1 r~ 

! 3 


I 


I 


9 




11 


4 


f» 


3 


0 


9 


S 




12 


2 


1 


3 


4 


3 


4 




11 


1 


1 


1 


4 


1 


S 




A 


1 

m 


4 


g 


4 


2 


6 




9 


9 


9 


1 


A 

8 


0 


•r 
# 




5 


3 


2 


1 


I 


* 

1 


8 




6 


4 


1 


3 


2 


1 


9 




fi 


'J 


2 


^ 


ft 


<s 


10 




5 


:i 


o 


1 


•S 




11 




& 


3 


0 


2 


4 


A 


12 




6 


4 


7 


9 


a 


I 


19 




6 


4 


4 


9 


1 


0 


14 




19 


S 


5 


1 


9 


3 


1& 




7 


4 


5 


1 


.! 


3 


10 




:i 


4 


1 


1 


4 




17 




3 


1 


9 


2 


1 


3 


1ft 




3 


3 


3 


9 


0 


2 


1» 


(Grent 


3 


3 


9 


4 


0 


3 


W 


20 


1 


9 


0 


9 


0 


9 


81 


9(1 


11 


1 


1 


9 


0 


9 


aa 


90 


4 


3 


1 


3 


0 


3 




20 


1 


4 


2 


3 


1 


0 


94 


I'i 


2 


2 


2 


2 


(1 


0 


SS 


Vl 


3 


:» 


3 


1 


t) 


u 


28 


13 


9 


o 


3 


-i 


1 


0 


37 


IS 


6 


3 


8 


9 


0 


0 


98 


13 


8 


5 


9 


0 


0 


0 


99 


13 


1 


3 


9 


3 


9 




30 


13 


4 


1 


9 


2 


0 




31 


19 




1 




2 


2 





Digiti^uu Ly Goo 



TLe Atter-BbuukH ot lUu Zc«ukuji {IHI) uiid Tenpu (1830) Eartb^uukeu. 196 

& Campartmtn Mween the after'Shock frequencies of the 

Tetijto and Mino-OwnH earthquakes. The following table gives 
the number oi" ai'Ler-sliocks diiriiii,' the succoshivo 'M) days into^val^4 
for the Teupo and Mino-Uwari earth(iuakes, begiimin;; icsjpectivoJy 
with the iind and tbie 42iid days after the initial disturbances. 



Tenpo Eqke of 183U (Kyoto). 


Mino-Owari Eqke of 1891 (Gifu). 


'60 dajs Inter vtiL 


Nutnbor of 
After-shcxika. 


iliiya Interviil. 


Number of 
After-ahocka. 


(CuniDeneing with tbeSnd 
day aft ex the Euctbqnalw) 




(CommenciDK with tbe 4*2nd 
ilnjr after the Kiirthqtmkt ) 






802 


Dec. 8, 180 Who. 6, 18Sr2 




1 


111 


Jan. 7, lKir2-Feb. 5. .. 


110 


2 


90 


Bob. G, „ -]liu<!h6, « 


72 


3 


57 


MurdiT, „ -A.pril &, » 


62 




71 


Apia H -Ji^ S. H 


73 


5 


33 


May 6, ,< Jona 1^ „ 


37 



The numbei's of the Mino*0\vari after-shoekti, wliioh are the num- 
bers of the earthquakes instmmentally observed at Gifu and do 
not inclnde the cases of the /mart, or mere sonnds» will thns be 
seen to be very nearly etjual, on the whole, to the corresponding 
flgnres for the TenjK) carthiiuake. 'i'liat is to say, the monthly 
after-shock frequency during the earlier eiA>eh of tlie latter enrt}»- 
quake was practically identical with tliat of the former, with a 
time retardation of 40 days. (See Figs. 3 and 4.) 

6. emulsion. The foregoing §§ seem to indicate that the 
after-shocks of great earthquakes are governed by time relations 
which are more or less alike in the different cases. The three dis- 
turbances of Zciikoji, Tenpo, and Mino-Uvvai i, all originated ixVm'j^ 
great eartluiuake zones, the similarity of tho causes proliahly tenil- 
iug also to tho similarity of the phenomena of after-shocks. 



Note on the Seismic Stability of the Piers of the 
Naisba-gawa Railway Bridge, Formosa. 

By 

K UMUlU, 8c. 1>., 
McmW of the ImperiAl Earthquakd luvaitigAtioiii Committee. 

With PlK. XJJJ A XUU. 

In connecfcion with tliG eeismic experimonts on the fractaring 

and Dvorturiiinii: of columns, (loscril)ed in the " Publications of tlie 
Ejirtliquake Investigation (.'ommittec, ' >«o. 4, 1 liuvc used for the 
fracturing the formula 



iu wliich the different syniljols have the following signilicutious : 

a s AoGelerati<m oE the earthquake moMon ueoesaary foEr h»cturuig 
a given oolnmn, supposed to be uuifonn in aec^n or elae to 
have a Tertical axis or plane of symmetry. 

g S5 Aocderatkm due to ffae gravity =s 9,800 mm/sec*. 
= Tensile strength of the ocdnmn at the section of fracture. 
Half width of the section of ficactnxa in duection parallel to 
the earthquake motion. 

/ — Height of the oeuire of gravity of the portion above the suction 
of fracture. 

it'= Weight of tlie frjictiured jwrtiou of tJie column. 

in the practical application of tlie above formula to the calculation 
of the strongth of bridge piers, chimneys, walls, etc., there is 
always a great imccrtainty rospccting the value of the teusilc 
strength F; it being impcHisiblt} that each ctf such masonry struc- 
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tines should have a perfect homogeneity of streip^^th of material. 
A eohnnii is therefore brokeii by the eai-thiinake t»hock at the 
weakest place near the theoretical section of fracture. Again, a 
brick slxiicture of lai^e dimenaions requires a certain length of 
time for the liai^^ing of the mortar joints, such that tlio latter 
would be a good deal compressed before their conversion into 
•perfectly solid ciaslic bodies. From this iattcr ciicuinstance it 
seoms tluit, at the mortar juiiit.s, wlu re the brick wuik is almost 
invariably bi-oken, teuiiion will tend to set in immediately with 
tlie bending of the column. From these considerations, I liave 
iu my former papers simply taken the tensile strength of the 
brick work into consideration. For certain masonry structures, 
however, we may more logically take the quantity F in the above 
e<|uation us denoting the tensile strength of the materiiil increased 
by the weight per nnit area of the section of fracture of the 
mass above the latter ; it being absolutely necessary for the 
pmctical applications of the results that the strength of the material 
should not be over-estimated. Let us now consider, as an example, 
the seismic stability of the tall piers of the Nalsha-^^aioa bridge 
in Formosa. 

The single track Xaisba ;/^ntu bridge on the Formosa main 
raihvay line, consists of nine (>0' plate girders supjx)rtcd by two 
ubutmoutB and eight piers of masonry (Fig. 3), with embedded 
iron frame. As the ground is of a soft rocky formation, there 
is no well sinking, the heights of the piers, including the tluckness 
of the foundation, being as follows : — 



Xortheru, or Xaihoka-end, Abatment. 



.27' 0" 
.70 7 
.92 6^ 
114 6 



No. 1 Fiar 
No. 2 
Now 'J „ 
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No. 4 Pier 114' 6" 

No. 5 „ m 3 

Na 6 „ 110 3 

No. 7 105 0.6 

No. 8 106 0.6 

Southern, or Taidin-end, Abntmeot 46 9 



Tims the six piers Xos. 3 to 8 are each tailor than 105', the* 
conshvction in masoin y of these liigh piers having been neces- 
sitated by tlic i)ciuiliar eoiulitioiis of i limatu in iViiinosa, which 
cause iion spikes, bolts, etc. to nml ijuickly, and whicii leudtT 
the maintenance in proper manner of high trestle works ol iron 
extremely difficult. 

Weakest eeetion. In considermg the seismic stability of the 
high piers of the Naisha-^aica bridge, we must first determine 
the approximate {x>sition of the weakest section, or the height 
where these structures are likelj' to he bioktMi in c ase cd' a violent 
earthquake. If each of these piers be legarded as a tall column," 
it would behave as a liigii brick cliimney and be broken by the 
earthquake shock at about two^tliirds of its height If the column 
be, on the other hand, regarded as a ** short column," then it 
would be weakest at, or near, the base. Thus it is first necessary 
to determine the length of the vibration period, which is proper 
to each of the cohimns uiid (ui \vliich depends the classiticalion 
of the latter with respect to thu height of the section of fracture. 
The period, whose exact value can only be found from an actual 
measurement, may be estimated, so far as the order of magnitude 
is concerned, f^om a comparison with other bridge piers whose 
vibrations have been investigated. Thus for instance, the tallest 
t>f the piers oi the single tiack Kuu-yiurd bridge of Kwansai 
Kuihvuy, has a height of GU' and supports the ends of u 200' 
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riatt tiiiss and a 100' Warron fjirdor. This j)icr stands directly 
on native itx^ks, and thert.'l\ne its motion niny l>o rojrardod as tliat 
due to its whole lieight ; the periCHls of the transverse and lon- 
gitudinal vibrations being respectively between 0.30 and 0.15 sec., 
and between 0.31 and 0.14 sec.* As now the bed of the Fonnosa 
river in question is rocky in nature* and not muddy, the piers of 
the NaiBha-</afra bridge are to be regarded as vibrating approxi- 
mately with theii bases as oc ntios; the jxriod being, when in- 
ferred from th(? ease of tii(> \ivm-(j<nra iaidgf. probably 0..") sec. 
or so., that is to say, mucli shorter than the period of the large 
destractivo earthquake motion. From these considerations we may 
conclude that each of the high piers of the Naisha-jrati;a bridge 
would beliave on the occasion of a destnictive earthquake, not as 
a tall brick chimney, but is to be regarded as a " short column," 
and is weakest at the base. 

Stahilitif of the piers. Let ns consider the stability against 
the earthquake motion of the two tallest piers, Noa. 3 and 4, of 
the Naisha^^atm bridge. As shown in Fig. 4, each of these two 
piers, rectangular in section, is 114' 5" in height, and is 10' xO' 
at the top, and 22' n"x20' 0" at the base or the ground level; 
there homg at the foot on the np-stream side a buttress 10' 3J" 
in liei^lit. The foundation, constructed to suit the nature of the 
ground, is 14' 5" in thickness. Fin-ther, the metal frame emb«l- 
dcd in each of the piers consists of 8 iron rods, 1^" in diameter, 
reaching from a few feet below the top down to the middle of 
the foundation, joined by h<mK>ntal iron bars fonning a rectangle 
at every 10' distance of the vertical. 

Now a body of the dimensions like tliose of the pier under 
consideration can never be overturned us a whole, even when the 

• Sm the ••Fnblinaiomi oC IIm Emthqwilce luvciitiBfttiaii Oommittw," Nu, 12, 
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straoinre siinpl\' rests on, and not fixed to, the ground.* llence, 

tlie question of the seismic stahilitv of tlic ])u v icdiiccs itself to 
that of the iVfuituro, winch is, when tlie eartiuiiiake is sufficiently 
violent, incest likely to take place at or near the base, as before 
explained. 

(i) Tjct us first calculate the strength of the pier at its base, 
or the section J?, supposing the direction of the shock to he 
parallel to the length of the bridge. (See Figs. 1 and 4.) 



Fig. 1. 
(SfieliaB H) 



Fig. 2. 
(Sedinit A) 




so' 9' 



The values of the difTerent fetors in the fracturc-formnla for tho 

section B are as follows'''*:— 

/ = Moment of the uba of Inotnra about its middle axU 
£=851,d<iO,000 (unit in inches). 
Weig^ dt Fior obord Fonndntion (=1524.8 tons) 
W= ' + Weight of Girder and Ti»ek system (^±21.1 tons) 

s Tote] Sum » 1545.9 tons = 3,463,000 lbs. 
/ = Height of Gentre of Qiavitj of the whole stmctnie above 

FoUH3ation = 38' 9" = 465". 
X = 120". 

For the tensile strength of the brick work, let as adopt a valne 



• Tbt^ " I'liblicfttions." Na 12. 

*« Tha anliiiitioii eC tlift qouilitiM /, IT. nnd/ ftv Iha t«o MctibM A taA S Imw bMnn 
miulff Ity lit. IfM0Ud of tbe It»ilini]r DepittflMnl of ttw TtemoM Govemncnt Gmiamt. 
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of 50 lbs per sq. in., which is n little smallei- than tliat ohtnincd 
from the test pieces of tlio masi>my of the l\i<o-(j(iira raiiwny 
hridge destroyed l)y tlio gi*eafc Mino-Owari eartliqiiake of IHOl.''' 
The strength of the iron rods, supposed to be uniformly distributed 
over the section under consideration, is equivalent to the reinforcing 
the masonry by 10.5 lbs per sq. in. of the area, assuming the 
ultimate strength of the iron rods to be 60,000 lbs p* r s^. in. Again, 
supposing tlie tutal wi ight of the pier and tho girder and traek 
systt'm (^H') to he uniformly distributed over the base plane/?, 
we obtain a pressure of 43.0 lbs. per sq. in. of the sectional area. 
Taking together the strength of the masonry, that of the iron 
rods, and the compressional efibct^ the eflfective tensile strength 
of i^e column will be 

F = 50+ 10.5+43.0 lbs = 103.5 lbs. 

The seismic stability of the pier then becomes 

9H(>0 X 351,;UJ0,0O0 X 10.3.5 , , 

4 (ii) Lot us next take the section A, whose height corresponds 
tei. the top of the buttress. (Figs. 2 and 4.) We have : — 

/ = H;8,502,r»00 (umt in inchos) 

[Weiglit of Pier above Section A (— tuns) 
JJ'= i + Weight of Girder aud Tuu k system ( = 21.1 torn) 

I -Total Snin - 923.2 tons 2,0(;S,0()0 lbs. 
/= Height C'euti-e of Gravity of the structure above Seotiou A 

^ 29' 10" = 358". 

Jxlfi' 9" = 100"i. 

The efl^t on the stroigth of the brick work of the iron rods is 
equivalent in tliis case to an increase of 16.9 lbs per sq. in. of 

« The ••PnUumliimii." Ko. 4. 
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the sectional area ; wliile tlie pressun? of tho mass al>ove the 
pUmc of fraetnro is 41.3 lbs pci' si^. in. of it. Thv t'fteetive tensile 
strength is F=50 + ir).0 + 41. 3 = 108.2 llis per sq. in. Hence the 
seismic stability of the pier at the section A is 

9600 X 168,508 ,600 x , , 

^ 8,068,000x368x100.5 = ^^^^ ""^^ * 

Thus «j is gi'cater tiiaii «t in the ratio of about 4 : 3, and the 
pier, which is strengthened by a buttress, is still vreakest at tlie 
base, its seismic stability being a|=:1844 mm/sec'. As tliis is 
nearly equal to the intensity of motion in the destructive earth< 
quakes likely to disinrbe the western part of Formosa, the pier 
in qn(»stion may be CDiisiiloreil, when the work is properly executed, 
to be fairly good from the seismological point of view. 
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Example of a Simple Brick Struoture 

damaged by Earthquake. 

By 

F. OMOKI, Si: IK. 
Member of the Impeirial Earthquake luvestigation Ck>iiu]utt««. 

As an example of a very simple brick building, whose seismic 
siability can ronghly be calculated, I consider here the market- 
house at the town of Ensniko, in the Prefecture of the same 
name, which was damaged on the occasion of the Kagi earth- 
quake of Nov. G, 1004. This structure consisteil merely of a roof 

with \vu(j(lcii truss supjioi'ted 
by 20 brick posts {ah, cd in 
the accompanying ligure.) The 
building covered an area of 100 
Uuho^ and was 20 hen in length 
and 5 hm in width, the longer 
a\is being parallel to the N-S 
ilirection."* The roof had a total area of iJ,900 square shakn, 
and was covered by the tiles of the native style. As the 
weight per square shaku of the roof, truss, and the tiling, is 
about 15 lbs, tlio total weight of the roof system was about 
00,000 lbs, distributed with the average amount of 3,000 lbs among 
the masonry posts, of which tliere were 10 on each side with a 
mutual distiiuce of 2 ken. The posts <!onsisted each of oS layers 
of bricks, the height beiug 8.0 shaku (=103"), aud the section 

* 1 A-cM St 6 nJbdifctt 1.83 netiDk 1 fmibp b 1 hen wiDnn. 
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Ih biicks square, or 1.17 shaht (=14") square*. Assumin*^ tlio 
Nveight i)or 1 cubic incli of the biick work to Ix) 0.0603 the 
weight of oiicli of the oohimiis will bo l,L'U(i lbs. Thus the total 
pressure at the foot of each column was lbs, giving an 
average amount of 21,5 lbs por squaro inch of the base area. 
This amount of compression, added to the tensile strength of the 
mortar joint of the brick work wliich is assumed to bo about 
20 ll)s \K'r sq. in., gives a value of 41.5 lbs per s<i. in. for tlie 
efTective tensile strength at base section of the columns. Again, 
the centre of gravity of the wliole building is estimutod to be at a 
lidght of 7.1 shaku (=2,230 mm), that is to say, only 1.2 »hakii 
(=861 cm) bok»w the top of the supporting columns. This fact 
illustmtes the importance of reducing the weight of the roof of 
» stnictni-e, in order to lessen the intensity of efl^ts on the latter 
of the eurthquiikc motion. 

The seismic stultility of Llie Ensniko market-house, whose 
constmetion has been sketclicil above, is indicated by the accelera- 
tion (s=a) of tlie earUiquake motion, which is capable of fracturing 
the supporting columns at their weakest position, namely, the 
base. This can be calculated by tho formula 

* ~ 3 / ;> ' 

the value of the different constants being as follows: — 

x^,= 177.5 mm 
/ -2,230 mm 

41.5 lbs per sq. id. 
tF= Weight snppcnted at the foot of Uiq o(:dumnB4,200 lbs. 

The value of the acceleration a is found to be only 41)7 mm/sec*. 
•Sucli ail iiiiAJUsity of motion is by no means tluit u£ wliat may 
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Ihj called a • ^icut dcsti iicllvf shuck," V»ut. it; nut iniieh difforcnfe 
from tlio iiiaxiinum acceleration at llon«;o on the occubion of the 
semi-destructive Tokyo earthquake of June 20, 1894. Thus the 
seismic stability of the market-house under consideration will bo 
soon to be very low. In order to make a structure in Formosa 
practically earthquake ]>ruof, wo must raise its seismic stability 
to an acceleration of about 'J.OOO nlln/sec^ 

As is to be easily iinagLued, all the ix)sts of the market-liouse 
were fractured by the earthquake of Kajzi of UM'I nt their bases, 
eacli being also broken at or near the foot of the timber diagonal 
support (ef and gh in tlio figure.) It is hereby to be remarked 
that gi-eat care must be taken in the use of trusses and ties. 
The existence of even an apparently insignificant discontinuity, 
in the form and din»ensiu!i, tiie rigidity, or the material, invariably 
produces a fracture or mutual destruction at the joints. 
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On the Duratiou of the Strongest Fart of 
Motion in Deitniotive Earthquakes. 

F. OMORT, ik.D^ 
Member of the Impexiel BRrthquake luveetigatiou Committee. 

Tho disturbance dtu to a large earfchquako is, when observed 
by means of a aensitive seismograph, generally found to last sovcffal 
hours. The duration of the sensible part of the motion is of 
course mnch shorter. Still it may sometimes liai4>on that 
at or near tlio epicentral district of a dostructive eartlujuake, the 
ground is kept lor a considerable time inteival in a aUitv of 
sliaking, owing to an incessant occuiTence of the after-shocks 
Thus at the Kusluro*«aA;t light-bouse, on the occasion of the 
Hokkaido earthquake of March 22, 1804, at 7h 5Gm pm., tho 
lamp could not be kept lighted for the 30 minutes after the groat 
shock on acconnt of the almost continual succession of the 
tremblhirfs ; the origin of distuilianRO l>cing nnder the I'acilic at 
a distance of about 100 km from tho coast of Kusliiro and Xennuo. 
For tho sake of reference I give next the duration of the ** prin- 
cipal portion** of the ordinaiy, or non-destractivo, earthquake 
motion, obtained from the maero-seismograpli observations at 
Miyako (province of Ilikuchu)« and Kyoto. 

iVIiyako Duration of Principal Portion, 0.7 hoc. to 'J<i sue 

Kyoto 6.0 „ „ 20 „. 

The duration of the principal iwriion, which according to tho 

ubscrYalions at Miyaku and KyotiJ varied between 0.7 and -0 &ec.. 
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in;iy 1m> tilkon in ordinary eases to be fioiu a few seconds to 
about half a mii!n^r>. The nionvemcnts are, however, not uniformly 
lai'ge throughout tiio principal portion of an earthquake. On tho 
contrary, tha« are usually, in (he seismic motion due to a near 
origin, a few prominent vibrations at the commencement of the 
principal portion which are much larger tlian the others. This 
particular feature o^ nioliou is specially well marked in strong 
and large earthquakes. 

The following list gives the duration of tlie strongest part of 
tho principal portion for tho 19 destnictivc, semi^dcstructivc, and 
severe earthquakes in Japan, measured with tho Gray^Milnc'Ewing 
type macrO'seismographs at the different stations : — 



No. 


Dak. 


Enrtbqnalce. 


PhoeoC 
ObRenrotMm. 


DmtiDDofllie 
StiouSiiiit FuL 


1 


Oct. 


1&, IMRI 


Tokyo E(ike. (mviim^ 


Tokyo 


m 




June 


«», 1894 


Tdkfo Eqlce. (iieiBiKUatnifitivo) 


«• 


4.9 




Ort. 


7. ,. 


Tokyo Eake. (nevne) 


1* 


4it 


4 


Jan. 


ift, isas 


If H 


•« 


an 


5 


Sept. 


7. MM 


MilMvOwnti Eqke. {MMni-dMtnicliTe) 


OiCn 


0.5 


A 


Jan. 


w, vm 


W H 


♦» 


CO 


7 




7. tm 


1 RtriuUve) 


KflgnRhimn 




H 


Aiig. 


12, im 


fFukodkii (Iloslumn) 1''.<ikc (mmi-ile- 
\ ^tractive) 


Fnknokn 




u 


Aiy?. :J1. I«9fi 
(III V' 20"'j)ni.) 


Rikoelnt'UBO EqhB. (Mvm) 


Miyikko 


4.n 


10 


JnnA 


7, 1903 


Tnito I!qk». (■«▼««>) 


Tnito 


6J9 


11 


April 


94. 1904 


Kogi „ (dotibiietiTe) 


Tftimn 


R.G 


IS 


N«v. 


.. 


( •» ) 


n 


i3.n 


13 


Wnsth 17. 1906 


Gmnt Kft«i ¥A\kK 


n 


11.9 




April 


14, 1SU6 


Kagi l->ik. . (.1. HtrurHv*') 


n 






Jhii. 


11. iwn 


1 IViwwbiHhj-o uiid nnkilMMkilkn Xqke. 
( (deHtmctive) 


n 


VJX> 
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IM». 


liiiltliqaBk*. 


OliMiTiitlnii 


Dontimiof tlie 

^* - * 


IG 


April 93, IBM 


(Origin off Uio NE coniit o( Mniu 


Miyikko 


19jU 


17 


MHidi 7, 189!) 


(Origin off the E. (MUt nC Kii. 

( (ilestmrtive) 




19J0 


IH 


Aiif;. 31. If&G 


Grciit Uiku-l' liikt. 


Miynko 


ao.a 


1» 


Oct. 2H, 1891 


Oceat Mino-Owori lujke. 


Tokyo 


28.0 



Of tlio ftbove 19 earthquakes, the twelve severe, semi-destnie- 

tive, and destriuitive shocks, namely, Nds, 1, 2 II, and 

were not what may l)e callnl a great earthquake, namely, extensive 
and V6iy destructive seismic disturbance. Again, the three 
FormoBa earthquakes, Nos. 12, 13, and 14, were very destructive, 
havinf^ caused the following amount of damage : — 

Eqke No. 12 : 4') lives lost, 49(» housoB ontiroly doHtrojed. 
No. 13 : 1240 „ „ . m69 „ „ . 

„ Na 14 : 15 „ „ , 1540 „ „ 

These Formosa earthquakes were, however, each quite limited in 
area, indicatin*; the relative smalliies.s of their magnitudes. Now, 
in the cases of the 14 earthquakes, Nos. 1 to 14, tlie duration of 
the strongest part of motion lasted 4.0 to 13.9 sec., with the 
average vahio of 8.0 seconds ; being in the majority of cases less 
than 10 seconds. Eqke No. 15 indicated the duration of 19.0 sec. 

In the two earthquakes, Nos. 10 and 17, which were large 
submarine disturbances, the duration were each 19 .sec. Finally, 
the lUku-U (No. li^) and Mino-Owari (No. 10) disturbances were 
veiy great tlestructive shocks, the duration of the strongest motion 
}yomg 26 and 28 sec. respectively. 

$SmnwfU'i/. In destructive shocks, the duration of the strongest 
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part of motion is generaUy 4 to 10 seconds. When, however, the 

earthquake is vciy great, that is to nay, extensive and violent, 
the duration in (jucstion may }>e nearly 30 seconds. Tliose results 
will 1)0 of use in the consideration of the destructive effects of 
eartliquake shocks on different structures. 
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AteuHau earthquake of Aug, 17, 1906, The north Fkudfio 
earCfaqiiake of Aug. 17, 1906, ooetmed at aboni Oh llm 44b (Q.1LT.), or 
28m 2l8 earlier than ilie great Yalfwraiao shook on ttie sane date, the 
Apprasimate podticm of its origin being, aooovding to my estimation, on the 
southern, or convex, side of the arc of the Aleutian Islanjls, at f=50^, 
j{=;175-E.* Had the centre of this earthqufiko l)oon in tlio siime lonj^itude 
bat much more soutli wards, say at Lititiul"* oO^ N or so, the shock might 
poHsibly have been felt, or rogistert;<l on the cable instruments at the Midway 
Island (0^28" nO'N, /^ITT'^W). Such was, however, not the ciise. as will 
Iw sjou from tliB following letters, which linvi> very kindly bseii coninntnicnted 
to rao by Dr. Otto Klotz, Director of tlie Astronomical OlMiervatory of Ottawa, 
Canada. (F. Omori.) 



'* J. D. Gaines, Esq., 12th April, 1907. 

Snpi Cable Station, 
Bonolnla, HavaU. 
My dear Mr. Gaines, 

** I hope that in the foUowtng I am not asking too macSi of jon, 
anyvaj, my ezcnae is that it Is in the Interest of Sdenee^and lliat 
means Mankind. 

**Yoii know last Angnst 16 about 8 P.M. at Yalparaiso ocenrred a 
destmotive eartfaqoake. — ^The earthquake instraments showed however 
anotlier qnake about half an hoar earlier, whose origin is placed in 

liftt. 3(y*N. Long. 107° E., say aliout 800 west of your station Midway. — 

Now wlijit i di sin^ to asciutaiii is whethei at Midway the cable in- 
struments were in any way affected either mechaiuoally, that is, by 
dirtn t pulsations or tjuakes, or magneticallj', that is, that the magnetic 
field was distrubed, as shown by the syphon or electric apparatus. 

• See thB '•BnlMtm*' Tol. I Na 2. 
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" The time at Midway would be in the uMghhorhood of Noon Thmsp 
day, Aug, 16 ooimiiDg time westwaid ; I am men^miiig this as Midway 
18 so doM to the anti^prlme mwidian where tlie diaqge of data tahea 
place ; for xeekomog eaatward it would be nooa Aug. 17. 

" There should hare been notioed too on that day, after noon, one 
or more tidal waves coming from the west doe to the quake. Perhaps 
ilie diary tbera will diadoee that phenomenon. 

*' I would be veiy glad if your Supt. (Mr. Cbllej), at Midway wonU 
kx>k up the syphon Teoords for Bsveral hours about noon and see whether 
any disiurltauce is show a. Possibly he made a note on that day nbout 
the behaviour of the iustraraents. 

•* I would have written to luin dii-ect if I ku. w uf auy mail com- 
uiuniuutiou with MidwHV, lionco 1 throw myself on youi {^(X)! nutnre. 

"It is (lesiralile that the timo slioulil I»e given ;ts arcuiat* ! v iis pOH- 
tiiUlu for iiuy dtatuibauoe that luay have been rucoideU or uoteii. 

Yours siuojrely, 
OiTO Kloiz." 

Coiumeroiai Pauifio Cable Ccnupany. 

Honolnlu, H.T. July 16/07. 

To Otto Kbt«, Esii., 
My dear Mr. Ktota. 
*' Ftadon the dday tn answetiug your letter of April 12th— -I have 
been very buaj with ouieide work, which with tlie office wcnrk kept uie 
folly occupied. 

•* I spoke to Mr. CoUey over the wire and he looked over the s\ip», 
for s«}Veral lioufs on liacli side of >.'(x»n, Aug. 16th and he saj's the 
iiistiutnuuts vvero in no way atTocted ami uo indications of tidal waves. 

" I hardly 6xp'« t«H], In- ^voiikl liud auy iuclic<itiuus. We noticed 
none, duiinj^ tlu; San i-"r;uicisco tiuithquuke. 

" We liave fult out; or two slight quakes, dnring the tiiny 1 Jmvo 
lived here, hut I coukl never distwer any disliirl)auce on the sliji. A 
lew nights ago wo had a slight quake, it shook my bud, 1 thought u£ 
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you, noted the time^ and phoned the cffi«e, to murk the alipB of both . 
it)strttin«nt% so I ooaM examine ihem Hw next moniiiig. I oonld not 
aee the dj^test diBtnj:Uam»~-I ddighted yon wiole me and shall 
always Ije glad to look np anything for yon. 

Very aineerely, 

(Sgd) J. D. GASiBH." 

JSarihquake af Sept* 3, 1907, The folknriog aooount of the earth- 
quake of Sept 3. 1907» is taken Ixom Che Japan Times of Sept 25, 1907. 

" Akarmny {>eu-qmdv cxperleHce cf <Ae Kinsei. The Japanese seslh^ 
aehooner JE'tiMet-iiuirif anived at Hakodate on the momiug of tiie 22nd of 
September froin the Beliriug Sea, haviog taken 743 bmI skins for the 
seuaou. 

"TLe niastor of tlio vessel reiKnts all tlio otiicr Jajjaiie.so iieiiliug ves- 
sels ill tliu Belmng Sea as doing well, >iud luiviug between throe tiud four 
liundiecl sottls eacli. 

" On tlio 2()tli of August, the Kimt'i-HtarH during a |j;Hle nlipjxid u heu 
which smaslied all her liont*? mid did othor daiiiag*', tlius uompelUug the 
vessel to tjtart lor horuu before the c■lo.s«^ of tlie season. 

" On the did of September, while the vessel was in 53 North und 17(1 
decrees East, heav}-, sevei^ and continued submarine earthquake shocks 
were felt, and which lasted for over twenty-four houi-s, during whksih the 
vessel sailed 120 miles. One shook lasting for three minutes wss so sairore 
that it was tiionght that the vessel would go to pieces. Tlic surface of 
the oosan wss oorend with dense masses of pnmioe stone for a distance ol 
orar two hnndied miles.'* 

Eureka earth tjuah'e of Aug, 18, 190 S, The following letter 
from A.H. Bell, Esq., relates to the sbtsto local shock felt at Enrska, in 
Colifomia* on Aug. 18, 1908. 

"My Dear Sir: Juu-eka, California. August 18, 19Ua 

The heaviest earthquake experienced siiu^ the memorable ' shake- 
up ' u£ April 18, 1906, oocttrred this muming at 2 : 59 o'dook. The 
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TibratiotiM lusted iibont fomtocu seconds. AnoUier alxock uf li ss si vi iity 
-was lolt ftt 5 : 27 am., lastiag abont ten aeconda. I «m iDfanued ihat 
tibia earttiqiiale was not fdt at San Franoiaco^ the flaismio motiom 
otandiiig abont thirty rnOea north of Enselca and pirabably abont the 
same distanoe to the aonthwaid. The damagB done did not exceed 
$3000. I have jnst mvled detailed xeport to ftaf. MoAdie^ San BVan- 
oieoo, Galilonda. 

YoQzs yexj truly, 
Aaron H. Bell, U. S. Weather Boreau Offioe.'* 

TliB following extract is taken fnnn an Emeka daily paper: — 
. . . .Weather Observer Aaron H. Bell stated this afternoon that the 
first and most severe qnahe this moming ooenned exactly at 2 : 59 o'doclr, 
and lasted abont 14 aeaonds with vibrations fioin the aonUieart to the 
northwest. Dhe vkienoe was snffieient to stop docks, rattie windows, and 
in the weather observer's office several instrnments were distorbed. The 
greatest intensity was shmtly alter the beginning, gradually diminishing 
thereafter. 

" The second eai-thquake this moiniug came at 5 : 27 o'clock, was of 
li s-s violoiice und lasted aliout Id sticouds, tho vibmtioiis Ix'iiiR ujxjii thu 
aaiao dirtk-tion as tlios«^ of the tii-st. Weather Observur lioll htjites that the 
fjuakea this uioriiuig were nothing as tonipaiiHl to the memorable one of 
two years ago ill April, when Sail I'luucisco was almost wiped oat of 
esistottce." 
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Note on the Iioiig-i>eriod Variations of 
the Atmospheric Pressure. 



By 

F. OHOBI, 8c. a. 

Member of Uie Imporinl £nrthqunke Investigation Committee. 



Wltb Pto. XLIV-JCLVm. 



1. IntroOueHon, From the discussion of the after-shocks 

of the Mino-Owari and other recent destructive earthquakes in 
Japan,* the seismic fi^equeiicv has Ix'oii found to liavc. besides 
the diurnal and annnnl vfiriations, the penodieiiies approximately 
of the lengths of 4^ i days, 9 days, 12 days, 33 days, and 3 
months ; amongst others, the period of 4| days occurring very 
often. The present note, which is to be regarded as a supplement 
to ray i)a[)er on the secondary causes of earthquakes (the BnUHin, 
Vol. IT, No. 2), gives some account of the longer |X>riods of varia- 
tion of the barometric pressure, the object being the comparison 
of the seismic and atmosplieric periodicitio=;. 

2, 'irf method of finding out the periodicity of haromeWie 
pre&mtre. The daily or other mean barometric pressure 
at a given place of observation is plotted on a section paper, 
and the length of a period is obtained by taking the average 

• F. Onuri : **0n Uw aflai^luMilai of MiibqiiBliMi,'' Jow. Scl Coll« Tokjo Imp. IToiT., VoL 

VU, (1K94). Akn F Oman : •> On thn KnrtliqiMlM io FognBUM,** BepOllS ( J*fAD(M) OE ttw Imp. 

EAttbqnftlu) lav. Comm.. Na 54 (l^>j). 
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from the mean cnnro drawn by fi-GO hand extended over several 

consecutive months. (Soc Fiirs*. 1, i', and 3.) 1 give next some 
examples iclnting to Tokyo, (lifii, nnd ^ft. Tsnkiil>a. 

3. Jin i'OJiwtric pressure at 2V>A-//o, GiJ'u, ami Mt, Tstikuha. 
As examples^ I have taken the data relating to Tokyo, Gifu 
(pimince of Mine), and Mt. Tsuktiba, and the average length of 
the different x)eriods have been deduced from the curves* in which 
the ordinate is the mean barometric lieight correspon<ling to the 
time expressed in 1, 2, or 10 days intervals. As mav easily 
be iiiiat,MiuHl, the variation of tla* barometric pressure is generally 
very complex. In some eases, however, there is certain reguUu'ity, 
when the barometric variation indicates tlic periodicity of one 
kind or other. Thus, Fig. 1, which illustrates the variation of 
the daily mean pressure at Gifn between Hay 1 and Aug. 9, 
1892, indicates a period of about 4J days. Again, in Vig. 2, 
which represents the same variation in IW^ at tiio top observutory 
of Mt. Tsukulm, a period of 8 or 0 days is shoNvn between Jan. 
10 and Fel). -J, and in three other epochs, while a period of about 
4| days is sliown during the rest of the year. Fig. 3 illustrates 
the lO^daily variation of the barometric pressure in Tokyo during 
the three years, 1887-1889, indicates more or less clearly a 
period of 3 months. Tlie results obtained are summarized in the 
following table. 
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The meau barometric 

pmnmirp from whose 
vnriution the period 
hns been deduced. 


] 

Average Ix^ngih 
of Period. 




TOKYO. 




Oob 1-Bea. 31. 186& 


Daiiy mean ineesnie. 


4.7 days. 


During the year 1888. 


2-daiIy 


» 


8.7 .. 


Jnti. I'Aog. 30, 1889. 


2-daily 


n 


32.0 „ 


Diuing the 3 yttM, 1887'18W. 


lO-daUy 


n 


3 months. 




OIFU. 




Tan 1_SSanl- Q lAO^ 


Daily meau pie88iire. 


9.2 days ; 4.6 days 


jRn. 1-Aug. 1893. 


»» 


n 


4.15 „ 


Sept, 1, ISai Mnrch 31. 1892. 


2-daily 


»» 




May UVk^c. 31. 1802. 


2-daiiy 


w 




Duriug tlie yoar 


2-daUy 


It 


9.0 


Ba 


5-(lftily 


»t 


35.0 „ 




10-tlaily 


It 


34.0 


SSept. 1, 1891-Itec. 61, 1892. 


10-daUy 


ti 


3 joontLa. 


Nov. 18-Bec. 31 » 1902. 


MT. T0 

Batly mea 


QXUBA. 

m pmsenvBb 




Jan. lO-Feb. ^ 1908. 


» 


ft 


8.3 „ 


Feb. 4-'Maich 16, 1903. 


*» 


»t 


4.4 „ 


Mordi 19'Aift-il 13, 1903. 


fi 


>» 


8.3 „ 


April 17-Maj 5, 1903. 


»» 




4.5 „ 


May 5-Mft> :{1, 1908. 


n 


f 1 


S.7 „ 


Oct 17-Nov. "), 1903. 


tt 


tl 


rt.o „ 


Nov. c, l),H'. 'i:?, lOo;?. 


»> 


>t 





The (liff'eix'nt i»c'rio<ls contained in the abovu tabic may he 
dividca into 4 f^roups, i, ii, iii. and iv, an follows : — 
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* 

1 


u 

■ 


Ul 

■ 


IV 


dAJS 




days 


mouths. 


4.7 


8.7 


32 


3 


4.6 


9.2 


35 




4.6 


8.6 






4.4 


9.3 






4.5 


9.0 






5.0 


8.6 








8.3 








8.3 








8.7 








7.8 








8l7 Aijs 











The mean values of the 4 different periods are 4.6 days, 8^7 
days, 33 days, and 3 months, the first two occurring most 

fretiucntly. 

4. Stid method of finding out the pertodieitp of barometrte 
preaoure. Instead of considering the variation of atmos- 
pheric prcssnra at a given place as explained in the preoed- 

m*; §, let \is find out the time interval between the successive 
e|X)chs, when the wliole ui' Japan is covered by bi^jh IvuioiiK'tiic 
pressure. Tbus, Figs. 4 and 5 represent two consecutive cases 
separated by about 4 days, when the high pressure area extended 
over the principal Japanese islands. The mean values of the 
different periods in the pressure variation obtained by this method 
from an examination of the weather maps of Japan during the 4 
years, 1900 to 1003, are given in the following table. 
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Time Interval. 


Numbor of 
times irhea 

MMk nctendcd 


.Vm r.ii^r iiilcrval 
In Iwi i h the 


•Tail. H ] if am. — -iSInj'. 1-1: ; lO pin. 




t 

29 


K 


boar 
O 




»» 


21 


A 

r 


12 


Jan. 2 ;2 pm. — Fob. 9 ; '2 pm. 


1901. 


9 


4 


19 


Fob. 18 ; 6 ara.—Marcii 21 ; 2 pro. 


t* 


8 


4 


lu 


Maivli 2G ; 10 pill.— June 1 ; 10 pm. 


f* 


14 


5 


4 


Sept 29 i 10 pm.— Dec. 27 ; 10 pm. 


i» 


21 


3 


21 


Dec 31 ; 10 pm. 1901— April 6 ; 10 


pm. 1902. 


24 


4 


4 


April 18 ; 6 am. — ^Maj 15 ; 2 pm. 


>• 


8 


3 


22 


M&y 35 ; 6 aoa.— July 1 ; 10 pm. 


i» 


5 


9 


10 


Jnly 17 : 6 am.— Aqg: 27 ; 10 pm. 


►t 


5 


10 


10 


Ooi 6 ; 10 pm. 1902— Jan. 1 ; 2 pm. 


1903. 


23 


4 


0 


Jan. 5 ; 2 pm.— Jan. 24 ; 6 am. 


n 


5 


4 


16 


„ 28 ; 10 pm— Hay 4 ; 6 am. 


»* 


22 


4 


3 


May 9 ; 10 pm. — June 21 ; 10 pm. 


n 


8 


6 


6 



Taking the means from tbo above tabic, wo obtain the following 
two periods : — 

(i) 4 14s 4.0 (averaged from 12 cams) 
{ii) 9 22 = 9.9 ( 2 „ ) 

& Combining tlie results obtained in §§ 3 and 4* the mean 
values of the first two periods arc found to be : — 

Ist period 4.6 days. 

Slid „ 9.3 „ 

Tims, tlic length of the 2ik1 period is tloublc tliat of the l.sfc 
period, thu latter being probably the fundamental period in tlie 



Digiti.iuu Ly Google 



220 



F. Omaii: 



variation of the titinosplicric pi-essure from day to day. It is 
quitij pOft.sibk' tliat there exist, besides the jKiiod of 9.3 
days iind oiiu of abt)ut 33 days, many others of lo!i<:er or 
shoi'ter durations, whieli are probably the multiples of thu Ist 
period. The period of tiio length of 3 montiis may be of a 
diflforont origin, being one of the hannonios of the annual period. 

All the four periods in the variation of the barometric 
pressure as above obtained are evid«itly similar to, and likely to 
be the causes of, the corrcspondiug periods iu the variatiou of the 
earthquake frequency (§ 1). 

I give next a short notice respecting the aftor^shocks of the 
Taito (Formosa) earthquake of 1903, whose fi'eqnency shows 
fluctoations parallel to those of the barometric pressure. 

6, Aftershocks of the Tntto earihgnake of Sejpt. 7, 1903, 
The following table gives the daily mean barometric pressure at 
Taito (Formosa) and tho daily number of the after-slioeks u£ the 
strong earthquake of Sept. 7, 1903, recorded at tlie same place by 
means of an Omori horizontal pendulum of 6 times magmhcatiou. 

DMJLT MBAH BAROMBXRtC PSB881IIIB AMD SAILT MUllBaR OP 
BARTBQVAXBS AT TAITO (FOBMOBA). SBPT—OOT., 1903. 



Atmoipboric Pieesure * | Daily Number uf Jf^ittiu^onlneB. 



^ Month 


Sejitember 


Oriober 




September. 


October. 


1 


njni 

7<;o,() 


mm 

754.<; 


1 




0. 


*i 


o8.8 


56.5 


^ 




0 


3 


£8.6 


67.8 


3 




0 


4 


59.2 


63.6 


4 


1 » 

(» 


5 


59.6 


63.2 


5 



■ With bceziiig poiot ooneetioii. Bfldnetioa to slnndnnl gmvitysLlmin; Umt to awnn 
«il«vel-0,9iiin. 
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Atm<Mpti«ric Fressare.* j' Daily Nnmber nf Eiirthqiiakes. 





September. 


October. 




September. 


(Mober. 


c 




nun 
58.4 


0 







7 


57.8 


58.2 


7 


26* 




8 


67.5 


57.7 


8 


6 


0 


9 


5&3 


58.9 


9 


5 


0 


10 


58.1 


59.5 


10 


9 


0 


11 


67.8 


59.9 


11 


2 


0 


12 


59.5 


00.3 


12 


2 


0 


13 


GO.O 


02.1 


i:j 


5 


0 


14 


(lO.O 


r>'2.(] 


14 


4 


0 


15 


.')9.8 


<;i.5 


15 


0 


fl 


IG 


58.7 


r,9.H 


10 


2 


(t 


17 


59.2 




17 


1 




18 


(>0.4 


57.7 


18 


5 




19 


iinl 


."7 S 


19 


0 




20 




ri7.9 


20 


0 




21 


5a4 


56.7 


21 


0 




22 




55.6 


22 


il 

M 




23 


59.2 


57.7 


23 


10 




24 


60.4 


59.6 


24 


4 




23 


01.0 


59.2 


25 


2 




2» 


59.0 


sas 


26 


2 




27 


58.4 


.59.6 


27 


0 




28 


58.2 


62.6 


28 


1 




29 


58.4 


64.9 


29 


0 




30 


6C.H 


(M.l 


30 


0 




31 




6r,.o 


81 













* The lat tdiock took plaoe At 9*50 pm.. oa tlw Tlh. 
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As will be soon from the graphical lepresentations in Fig. 6, 
the variation of the barometric pressure between Sept. 8th and Oct. 

8th (1003) indicates a period of tlie mean lengtli of about 1.1 
dnyp, itf? rnaxiina and minimn foncspoiidiiig, ou the Avhole, 
respectlYoly to the maxima and minima of the after- shock 
fireqnency. 
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Maps showing the distribution of the Barnnetrjc 
Pressure over Japan. 

Fig. 4. Maroh 16, 1800 i at lO pm. 
Fig> 8* March SO, 1900 ; at lO pm. 
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Ezperimeuts on the Vibration of Brick Ck>limitis. 

By 

F. OMOBI, Be,3,, 

Member of the Impenal EarUiqnake Inve«lig>tiou Committee. 




L Columns, Tho present note give^-j an account of thv ex- 
periments on tiie vibrations of five rectangular brick columns, \\ hose 
dimensions Mere exactly alike, each being composed of 69 layere 
of 4 bricks. (See Fig. 1.) The lioight was 15 thaku (=495 cm), 
and the sectional area was 45.5 x 22.5 cm. The oohimns, composed 
of bricks of superior qualiiy of one and the same kind (0^4^11% 
iti^i.W.mi^jii'fU and fixed to a single large solid foundation of 
concit ie specially niade for the purpose, had mortars of different 
compositions, as follows : — 

Oolnnm No. I Pure oement 

M No. H .... 1 port of ooment, 1 p»rt ot wmd. 

„ No.in 1 » ,2 „ 

,1 No. xV ....1 „ ,3 „ 

„ Na V .... 4 parts of lime, 6 „ 

Tiiu tolumns, aiTanj^'cd in series as shown in Fig. 2, with a 
mutual distance of 50 cm were constructed between Nov. 25 and 
Dec. 18, in 1901. 

8, JBaeperimentB, The object of the experiments canied on 
three months later, at the end of March 1903, was tho determina- 
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I'ig. 1. 



tion of the periods of natural vibration of the different columns. For 
this purpose each of the latter was caased to move by being pushed 
or struck with hand once or several times at the top in direction 
normal to the broad side, being then left to vibrate 

freely atul to gradually conic to rest. The record of 
motion was obtained by means of a stiff point^'r, whicli 
was attached to the top of the eolmnn, and to whose 
end was hinged a pen tracing in ink the vibrations on 
a record-receiver mounted on an independent staging 
of timbers. The diagrams obtained in this manner are 
reproduced in Plates XLIX to Till. The ( ( liiinii No. 
V, of liiue mortar, was verv easily thrown into 
movements of a considerable amount; while the 
column No. I, of pure cement mortar, could be made 
to vibrate only slightly. Again, it happened almost 
always that, when one of the columns was vibrating, 
the neighbouring ones were also throN\ n info a state 
of motion to an appreciable di'gree. The following 
table gives for the different columns, tlu^ maximum or 
initial range (double amplitudes: 2a) of motion and 
tlio period of vibration during the earlier and end 
portions. 

Fig. 2. 

Phm •bwin^ the iirrtingdiOMlt Of tbo odomiM in 




Bfidc 

Colnmn. 
(Elevation 



ii^ l2..> I III. 
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EsfierimeDts <m Uw VilMtatioa of Bdok Cotanns. 



Na of 


No. of 1 


Initiiil 

or 

Max. 2a- 


AYwage Faiiod in the 


Oolnmn. 


IIxpeEimentw 


Earlier part. 


£ud port. 




1 


mm 

0.8 




0.23 




2 


1.8 




0.23 




3 


L3 


0.2 1 


0.24 




4 


•1.0 




0.23 




5 


7.0 


0.25 


0.25 




6 


r,.7 


0.26 


0.25 


1 


7 


(l.O 


0.26 


0.25 




A 




0.25 


0.21 




Q 

mr 


1 KJ» w 


0.27 


0.24 




10 


i 8.0 


0 27 


0.24 




11 


fid 
78 


0.26 


0.25 




19 


0.27 


0.24 




13 


59 


0.27 


0.25 






It h 

(laod 2 excepted) 


(K86 


0.8t 




1 


4.6 


0.22 


0.22 




2 


4.7 


0.24 


0.23 




3 


5.7 


0.23 


0.23 


n 


4 


5.3 














6 


4.5 

















6.7 


0.24 


0.23 




7 

• 


5.3 


0.23 


0.23 




Jfean. 


9.8 


0.28 


0.28 




1 


7.1 


0.25 


0.24 




2 


C.H 


0.25 


0.23 


m 


3 


7.5 














4 


9.5 


0.27 


0.24 


• 


5 


8.2 


0.26 


0.25 




Jfean. 

1 


7.8 


0.96 


OM 



Digitized by Google 



220 



F. Onari: 



No. of 


Na of 


IniiiAl 


Avf'iai^o rerio;] in the 


CSolmnii. 


Experiment. 








Hftx. 2a. 


Euliar part. 


Eind pdvt. 


r 






■0C. 






1 




0.24 


0.24 




2 




0.31 


0.St6 


IV 


ft 

w 


13 0 


0.60 


A CVT 

0;27 




4 


16.6 


0.64 


A 

0.26 




6 


19.0 


0.63 


A AO 

0.26 






ft 5 190 


A A4 a AA 

0.31 — 0.62 






1 


6.7 


0.42 


0.33 




2 


9.4 


0.46 


0^ 






7.6 


0.48 


0.86 






I7J. 


0.62 


0.37 


V 


5 


18.7 




0.38 






21.6 


0.67 


0.41 




7 


24.0 


0.77 


0.40 




8 


3.9 




0.40 




Mean. | 


1 3.9—24.0 


0.42-0.77 


0.33—0.41 



The oolanm No. I seemed to indicate a slight lengthening 
of period with the repetition of the Yibration experim^ts. 
Thus, in the ex|)eriment3 No8.3-8, the x^oi IckJ in the earKer part of 
motiuii varied between 0.24 and 0.26 sec, with the average of 
0.25 sec. ; while in the experinu iits No3.9-12, the corresponding 
period varied between 0.26 and 0.27 sec., with the average of 
0.27 sec. The period in the later part of motion seems to show 
also a similar* though very slight, tendency. 

Tlie same [>henomeiion is more niaikedly shown by the lime- 
mortar coliiniii Xo. \'. Thu3, during the eight exjxjriments, No3. 
l-S, the period in the earlier part of motion successively 
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increased from 0.42 up to 0.77 sec., while the period in the later 

pai't of motion iiiciea.sod from 0.33 up to O.ll soe. 

Tiie lcij<;Uicning of tlio vibration periods of ilic colunnis with 
the repetition of oxpc^riments is probably due to tiio formation of 
microscopically fine cracks at the joints and through bricks, 
which is cquivalcut to diminishing the elaf$tic moduli of tho 
eolomns without changing the mass. 

8. Vibration of ealumns UTos* I-TF, From the above «!:iven 
table, it Avill be seen thai the ranges (double amplitudes) of 
vibration of thf dilVerent colunuis, alliiongb not eaused by cxiif'Uy 
one and tlie same amount of force, were nearly alike, the mean 
Talnes varying between 5.3 and 8.5 mm. Half of the last-named 
limit of range of motion, which fractured the column No. IV, is 
to be taken as hcmg the displacement at the top of the eolomns, 
which may break the latter at the base. 

Again, tlie periods of vibration of the tour eolumus luider 
consideration were practically identical with one another, varying 
in the earliei-, or large aniplitude, part of motion only between 
0.23 and 0.26 see., and being in the later or end part between 
0.23 and 0.24 sec. This uniformity of motion is quite contrary to 
what we should be led to expect ; as the columns Nos. I, II, III, 
and IV, whoso mortar comj)osition varied from pure cement to 
1 part oL < t iiiciiL uml 3 parts of sand, nii;4lit be supposed to 
execute vibrations, of which haih aniphtiide and period increase 
in i>roportion to the quantity t f fho sni d mixed in the mortar. 
The apparent paradox can only be explaiaed on the assumption 
that in each of the four columns, the mortar was much stronger 
than the bricks themselves and behaved as if it were practically 
incompressible, the result being that we got, in these experiments, 
only the vibrations due to the bricks, and not to the joints. It thus 
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seems that in brick works a mortar of 1 parfc of cement and 1 
to 3 parts of sand is as good as that of pure cement. 

4. VUmtHan of column No, V» The column No. V of limo 
muiUir, was thrown, wilhout being broken, up to a vibration of 
24 mm, wliich is nearly tiiree times tho maximum motioa in tho 
cases of the other columns. Tliis was evidently on account of 
the inferior quality of the mortar, in co^scqnenoe of which the 
elasticity of the bricks themselves did not, in the vibration of the 
column, at all come into play. Another remarkable feature in the 
motion of the column No. V was the great length of the vibration 
pciiMil, whoso maximum value was 0.77 .see. Tlio dilTercnce of 
the period of vibration for larger am[)litude from that for smaller 
one ranged in the seven experiments, Nos.1-7, from 0.09 seo. 
to tk37 sec BVom experiments like these wo can readily imagine 
bow a tall brick chimney with bad mortar will be thrown, on the 
occasion of a violent earthquake, into slow oscillations of oonsiderable 
amplitude. 
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